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1
INTEGRATION VALVE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a 371 U.S. National Phase of PCT/
JP2012/006304, filed on Oct. 2, 2012, based on Japanese
Patent Applications No. 2011-221016 filed on Oct. 5, 2011
and No. 2012-185549 filed on Aug. 24, 2012, the contents of
which are incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

The present disclosure relates to an integration valve used
for a heat pump cycle functioning as a gas injection cycle.

BACKGROUND OF THE INVENTION

Conventionally, an air conditioner for a vehicle, for
example, an electric vehicle in which it is difficult to secure a
heat source for heating a vehicle compartment, is known to
heat air blown into a vehicle compartment in a heat pump
cycle (i.e., a vapor compression refrigerant cycle).

For example, Patent Document 1 and Patent Document 2
describe a heat pump cycle used for such kind of a vehicle air
conditioner, in which a refrigerant cycle in a cooling opera-
tion and a refrigerant cycle in a heating operation are config-
ured to be switchable. More specifically, in the heat pump
cycle of Patent Document 1 and Patent Document 2, a refrig-
erant cycle is switched so that refrigerant absorbs heat from
outside air at an exterior heat exchanger and releases the heat
to the blown air at an interior condenser, to heat the blown air
in the heating operation.

In the heat pump cycle of Patent Document 2, in the heating
operation, refrigerant is pressurized through multiple stages
by two compression mechanisms such as a low stage com-
pression mechanism and a high stage compression mecha-
nism. An intermediate-pressure gas-phase refrigerant is
mixed with a refrigerant discharged from the low stage com-
pression mechanism, and the mixed refrigerant is drawn into
the high stage compression mechanism. That is, a gas injec-
tion cycle (i.e., an economizer-type refrigerant cycle) is set to
improve a coefficient of performance (COP) in the heating
operation.

PRIOR ART DOCUMENT

Patent Document 1: Japanese Patent No. 3331765
Patent Document 2: Japanese Patent No. 3257361

SUMMARY OF THE INVENTION

However, according to investigations of inventors of the
present disclosure, the heat pump cycle described in Patent
Document 1 and Patent Document 2 needs to have multiple
valves such as an open-close valve or a four-way valve to
switch between the refrigerant cycle in the cooling operation
and the refrigerant cycle in the heating operation. Therefore,
switching control to switch cycle structures or refrigerant
cycles may become complicate.

Specifically, when a refrigerant cycle working as a gas
injection cycle, such as the refrigerant cycle described in
Patent Document 2, is configured, a cycle structure tends to
likely be complicated compared to a conventional refrigerant
cycle. Further, in association with a complex cycle structure,
there is a risk that ease of mounting of the heat pump cycle as
a whole to an object such as a vehicle may be decreased.
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2

The present disclosure has been made in view of the fore-
going points, and it is an object of the present disclosure to
provide an integration valve to simplify a cycle configuration
of'a heat pump cycle.

An integration valve of the present disclosure is used for a
heat pump cycle which is capable of working as a gas injec-
tion cycle and including a compressor, a using-side heat
exchanger, a high-stage-side decompressor, and an evapora-
tor. The compressor decompresses refrigerant drawn from a
suction port, discharges high-pressure refrigerant from a dis-
charge port, and has an intermediate-pressure port drawing
intermediate-pressure refrigerant in the cycle and mixing the
intermediate-pressure refrigerant with refrigerant being
decompressed. In the using-side heat exchanger, a heat-ex-
change fluid exchanges heat with the high-pressure refriger-
ant discharged from the discharge port so as to be heated. The
high-stage-side decompressor decompresses high-pressure
refrigerant flowing out of the using-side heat exchanger to be
intermediate-pressure refrigerant. The evaporator evaporates
low-pressure refrigerant in the cycle and causing the evapo-
rated low-pressure refrigerant to flow to the suction port.

According to a first example of the integration valve of the
present disclosure, the integration valve has a body, an inte-
gration valve member, and a drive device. In the body, a
refrigerant inlet port, a vapor-liquid separating space, a vapor-
phase refrigerant outlet port, and a liquid-phase refrigerant
outlet port are provided. The intermediate-pressure refriger-
ant decompressed at the high-stage-side decompressor flows
through the refrigerant inlet port. The vapor-liquid separating
space separates refrigerant flowing out of the refrigerant inlet
port into vapor-phase refrigerant and liquid-phase refrigerant.
The vapor-phase refrigerant separated in the vapor-liquid
separating space flows out through the vapor-phase refriger-
ant outlet port to a side of the intermediate-pressure port. The
liquid-phase refrigerant separated in the vapor-liquid separat-
ing space flows out through the liquid-phase refrigerant outlet
portto a side of the evaporator. The integration valve member
is disposed in the body, and opens or closes (i) a liquid-phase
refrigerant passage extending from the vapor-liquid separat-
ing space to the liquid-phase refrigerant outlet port and (ii) a
vapor-phase refrigerant passage extending from the vapor-
liquid separating space to the vapor-phase refrigerant outlet
port. The drive device is connected to the integration valve
member via a drive mechanism and operating the integration
valve member. The drive device operates and moves the inte-
gration valve member (i) to close the vapor-phase refrigerant
passage so that liquid-phase refrigerant flows toward a side of
the liquid-phase refrigerant outlet port when the liquid-phase
refrigerant passage is open and (ii) to be displaced so that
liquid-phase refrigerant flowing to the side of the liquid-phase
refrigerant outlet port is decompressed, when the vapor-phase
refrigerant passage is open and vapor-phase refrigerant flows
to a side of the vapor-phase refrigerant outlet port.

Accordingly, by using the single integration valve, inter-
mediate-pressure refrigerant can be separated into vapor-
phase refrigerant and liquid-phase refrigerant, the liquid-
phase refrigerant passage and the vapor-phase refrigerant
passage can be open or closed, and liquid-phase refrigerant
can be decompressed. Furthermore, by just displacing the
integration valve member using the drive device, a refrigerant
circuit in the cycle can be switched for a refrigerant circuit
working as a gas injection cycle.

Therefore, a heat pump cycle working as a gas injection
cycle can be configured with a simple cycle configuration. It
should be noted that “vapor-phase refrigerant” includes not
only refrigerant in a vapor-phase state (i.e., single phase
refrigerant) but also refrigerant in a vapor-liquid mixing state
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mainly including refrigerant in the vapor-phase state, and that
“liquid-phase refrigerant” includes not only refrigerant in a
liquid-phase state (i.e., single phase refrigerant) but also
refrigerant in a vapor-liquid mixing state mainly including
refrigerant in the liquid-phase state.

Alternatively, according to a second example of the inte-
gration valve of the present disclosure, a fixed throttle decom-
presses the liquid-phase refrigerant flowing to the side of the
liquid-phase refrigerant outlet port when the vapor-phase
refrigerant passage is open so that vapor-phase refrigerant
flows toward the side of the vapor-phase refrigerant outlet
port is housed in the body. The drive device may operate the
integration valve member to close the liquid-phase refrigerant
passage when the vapor-phase refrigerant passage is open so
that vapor-phase refrigerant flows to the side of the vapor-
phase refrigerant outlet port.

Accordingly, when the integration valve member closes
the liquid-phase refrigerant passage, vapor-phase refrigerant
separated in the vapor-liquid separating space flows out
through the vapor-phase refrigerant outlet port, and liquid-
phase refrigerant decompressed at the fixed throttle flows out
through the liquid-phase refrigerant outlet port.

On the other hand, when the integration valve member
opens the liquid-phase refrigerant passage, refrigerant can
flow out through the liquid-phase refrigerant outlet port with-
out flowing out of the vapor-phase refrigerant outlet port.

Therefore, the liquid-phase refrigerant passage and the
vapor-phase refrigerant passage can be selectively open or
closed by a single valve body without disposing a valve body
to each of the liquid-phase refrigerant passage and the vapor-
phase refrigerant passage. Accordingly, a cycle configuration
of the heat pump cycle which is capable of working as a gas
injection cycle can be simplified.

Alternatively, according to a third example of the integra-
tion valve of the present disclosure, the liquid-phase refrig-
erant passage and the fixed throttle may be located downward
of the separated vapor-phase refrigerant outlet hole through
which vapor-phase refrigerant flows out through the vapor-
liquid separating space to a side of the vapor-phase refrigerant
passage.

Accordingly, liquid-phase refrigerant separated in the
vapor-liquid separating space due to gravity can be guided
into the liquid-phase refrigerant passage and to a side of the
fixed throttle.

Alternatively, according to a fourth example of the integra-
tion valve of the present disclosure, the drive device may
operate the integration valve member so that the liquid-phase
refrigerant passage is slightly open to decompress liquid-
phase refrigerant flowing to the side of the liquid-phase
refrigerant outlet port, when the vapor-phase refrigerant pas-
sage is open, and when vapor-phase refrigerant flows to the
side of the vapor-phase refrigerant outlet port.

Accordingly, when the integration valve member opens the
vapor-phase refrigerant passage, vapor-phase refrigerant
separated in the vapor-liquid separating space can flow out
through the vapor-phase refrigerant outlet port, and liquid-
phase refrigerant can be decompressed at a clearance pro-
vided between the integration valve member and the liquid-
phase refrigerant passage and can flow out through the liquid-
phase refrigerant outlet port.

On the other hand, when the integration valve member
opens the liquid-phase refrigerant passage, refrigerant can
flow out through the liquid-phase refrigerant outlet port with-
out flowing out of the vapor-phase refrigerant outlet port.

Therefore, the liquid-phase refrigerant passage and the
vapor-phase refrigerant passage can be open or closed selec-
tively by a single valve body without disposing a valve body
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to each of the liquid-phase refrigerant passage and the vapor-
phase refrigerant passage so as to open or close those pas-
sages, and inside structure of the integration valve can be
simplified. Accordingly, a cycle configuration of the heat
pump cycle which is capable of working as a gas injection
cycle can be simplified.

In addition, when the integration valve member opens the
vapor-phase refrigerant passage, liquid-phase refrigerant can
be decompressed at the clearance provided between the lig-
uid-phase refrigerant passage and the integration valve mem-
ber. Therefore, the fixed throttle is unnecessary, and a con-
figuration of the integration valve can be simplified.

Specifically, according to a fiftth example of the integration
valve of the present disclosure, the vapor-liquid separating
space may be provided in a cylindrical shape. A cylindrical-
shaped separated vapor-phase refrigerant outlet pipe may be
arranged inside the vapor-liquid separating space coaxially
with the vapor-liquid separating space and provide the vapor-
phase refrigerant passage therein. A separated vapor-phase
refrigerant outlet hole through which vapor-phase refrigerant
flows out through the vapor-liquid separating space to the side
of'the vapor-phase refrigerant passage may be at an end of the
separated vapor-phase refrigerant outlet pipe in a longitudinal
direction. The integration valve member may open or close a
separated liquid-phase refrigerant outlet hole through which
liquid-phase refrigerant flowing from a side of the separated
vapor-phase refrigerant outlet hole and the vapor-liquid sepa-
rating space flows to the side of the liquid-phase refrigerant
passage.

Alternatively, according to a sixth example of the integra-
tion valve of the present disclosure, the vapor-liquid separat-
ing space may include a swirl space, a separating space, and
a storing space. The swirl space is provided between an inner
wall surface of the vapor-liquid separating space and an outer
wall surface of the separated vapor-phase refrigerant outlet
pipe, and refrigerant flowing from the refrigerant inlet port
swirls along the inner wall surface of the vapor-liquid sepa-
rating space. The separating space is (i) located downward of
the swirl space, (ii) provided between the end of the separated
vapor-phase refrigerant outlet pipe in the longitudinal direc-
tion and the integration valve member, and (iii) separating
refrigerant into vapor-phase and liquid-phase. The storing
space is located downward of the separating space and storing
liquid-phase refrigerant separated from refrigerant in the
separating space. The integration valve member may be
arranged between the separated vapor-phase refrigerant out-
let hole located in the separating space and the separated
liquid-phase refrigerant outlet hole located in the storing
space and may be made of a discoid-shaped member which is
larger than an inside diameter of the separated liquid-phase
refrigerant outlet hole.

Accordingly, by the integration valve member, liquid-
phase refrigerant can be restricted from scattering from a side
of'the separated liquid-phase refrigerant outlet hole located in
the storing space to a side of the separated vapor-phase refrig-
erant outlet hole located in the separating space. Therefore, a
space for the vapor-liquid separating space can be saved, and
an entire integration valve member can be downsized. More-
over, whole of the heat pump cycle can be downsized, and
mountability of the heat pump cycle in a target object can be
improved.

Alternatively, according to a seventh example of the inte-
gration valve of the present disclosure. when (i) an outside
diameter of the integration valve member is defined as Ds, (ii)
an outside diameter of the separated vapor-phase refrigerant
outlet pipe is defined as Dp, (iii) an inside diameter of the
vapor-liquid separating space is defined as Dr, and (iv) the
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inside diameter of the separated liquid-phase refrigerant out-
let hole is defined as Do, those diameters Ds, Dp, Dr, and Do
may satisfy following formulas of Dp=Ds=(Dx+Dr)/2 and
Dx=(Dr*-Do?)"".

By determining the outside diameter of the integration
valve member in such a way, pressure loss caused by the
integration valve member can be restricted, and vapor-liquid
separating efficiency inside the integration valve can be
improved.

Alternatively, according to an eighth example of the inte-
gration valve of the present disclosure, a diameter of an outer
periphery part of the integration valve member at least on a
side of the separated vapor-phase refrigerant outlet hole may
continuously decrease from a side of the separated liquid-
phase refrigerant outlet hole to a side of the separated vapor-
phase refrigerant outlet hole.

Accordingly, when refrigerant flows around the integration
valve member, the refrigerant can flow smoothly from a side
of the separated vapor-phase refrigerant outlet hole to a side
of'the separated liquid-phase refrigerant outlet hole, and pres-
sure loss caused by the integration valve member can be
reduced.

Alternatively, according to a ninth example of the integra-
tion valve of the present disclosure, a refrigerant introducing
passage, guiding refrigerant to flow from the refrigerant inlet
port to the vapor-liquid separating space, may communicate
with the vapor-liquid separating space via a refrigerant intro-
ducing hole provided at a radial-outer wall surface of the
vapor-liquid separating space. The refrigerant introducing
hole may be open at a position far from the end of the sepa-
rated vapor-phase refrigerant outlet pipe in the longitudinal
direction, and closer to the other end of the separated vapor-
phase refrigerant outlet pipe in the longitudinal direction.

By providing the refrigerant introducing hole to be dis-
tanced from the separated vapor-phase refrigerant outlet hole
in the axial direction of the vapor-liquid separating space, (i)
an approach zone for refrigerant in the vapor-liquid separat-
ing space 1415 can be secured, (ii) a centrifugal force can
effectively affect refrigerant flowing into the vapor-liquid
separating space, and (iii) vapor-liquid separating efficiency
inside the integration valve can be improved.

Alternatively, according to a tenth example of the integra-
tion valve of the present disclosure, the refrigerant introduc-
ing hole may be an oblong hole extending in the axial direc-
tion of the vapor-liquid separating space.

Accordingly, refrigerant is restricted from scattering radi-
ally-inward of the vapor-liquid separating space and can flow
along radial-outer wall surface of the vapor-liquid separating
space. Therefore, a centrifugal force can effectively affect
refrigerant flowing into the vapor-liquid separating space, and
vapor-liquid separating efficiency inside the integration valve
can be improved.

Alternatively, according to a eleventh example of the inte-
gration valve of the present disclosure, when (i) a distance in
the axial direction from an end of the refrigerant introducing
hole corresponding to the end of the separated vapor-phase
refrigerant outlet pipe in the longitudinal direction to the
other end of the separated vapor-phase refrigerant outlet pipe
in the longitudinal direction is defined as Lv, and (i) a dimen-
sion of the refrigerant introducing hole extending in the axial
direction in the vapor-liquid separating space is defined as Dv,
the distance Lv and the dimension Dv may satisty a following
formula of Lvz(Y2)xDv.

By determining the distance from the end of the refrigerant
introducing hole to the end of the separated vapor-phase
refrigerant outlet pipe in such a way, an approach zone of
refrigerant swirling in the vapor-liquid separating space can
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be secured, and vapor-liquid separating efficiency inside the
integration valve can be improved.

Alternatively, according to a twelfth example of the inte-
gration valve of the present disclosure, the body may have a
tubular portion in which the liquid-phase refrigerant passage
and the separated liquid-phase refrigerant outlet hole are pro-
vided. The tubular portion may have a heat resistance higher
than that of a portion around the tubular portion.

Accordingly, heat transferring between liquid-phase
refrigerant decompressed by displacement of the integration
valve member and refrigerant in the vapor-liquid separating
space via the body and the cylindrical portion is restricted.

Therefore, refrigerant before being decompressed is hardly
being cooled by liquid-phase refrigerant decompressed by
displacement of the integration valve member, and decom-
pression characteristic is restricted from being changed by
displacement of the integration valve member. Thus, depres-
sion of a heat amount of the heat exchanger, which is arranged
downstream of the integration valve in a flow direction of
refrigerant and absorbs heat, is restricted. Further, a tempera-
ture of vapor-phase refrigerant flowing out of the vapor-phase
refrigerant passage can be restricted from being decreased
due to liquid-phase refrigerant decompressed by displace-
ment of the integration valve member. Accordingly, when the
heat pump cycle works as a gas injection cycle, decreasing of
heating capacity can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is an overall schematic diagram illustrating a refrig-
erant cycle in a cooling operation mode/dehumidification and
heating operation mode according to a first embodiment;

FIG. 2 is an overall schematic diagram illustrating a refrig-
erant cycle in a first heating mode of the heat pump cycle
according to the first embodiment;

FIG. 3 is an overall schematic diagram illustrating a refrig-
erant cycle in a second heating mode of the heat pump cycle
according to the first embodiment;

FIG. 4 is a cross-sectional view of an integration valve
taken along a line extending in a top-bottom direction at a
time when a separated vapor-phase refrigerant outlet hole is
open, according to the first embodiment;

FIG. 5 is a cross-sectional view of the integration valve
taken along the line extending in the top-bottom direction at a
time when the separated vapor-phase refrigerant outlet hole is
closed, according to the first embodiment;

FIG. 6 is a cross-sectional view taken along a line VI-VI of
FIG. 4;

FIG. 7 is a cross-sectional view taken along a line VII-VII
of FIG. 6;

FIG. 8 is a cross-sectional view illustrating a modification
example of a location of a refrigerant introducing passage;

FIG. 9 is a graph showing how heat damage impacts a flow
characteristic of a fixed throttle according to the first embodi-
ment;

FIG. 10 is an explanatory diagram showing a vapor-liquid
separating efficiency and a pressure loss in a case where an
outside diameter of an integration valve member is changed.

FIG. 11 is a Mollier diagram showing a refrigerant state in
the cooling operation mode of the heat pump cycle according
to the first embodiment;

FIG. 12 is a Mollier diagram showing a refrigerant state in
the first heating mode of the heat pump cycle according to the
first embodiment;

FIG. 13 is a Mollier diagram showing a refrigerant state in
a second heating mode of the heat pump cycle according to
the first embodiment;
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FIG. 14 is a Mollier diagram showing a first dehumidifi-
cation and heating mode of the heat pump cycle according to
the first embodiment;

FIG. 15 is a Mollier diagram showing a second dehumidi-
fication and heating mode of the heat pump cycle according to
the first embodiment;

FIG. 16 is a Mollier diagram showing a third dehumidifi-
cation and heating mode of the heat pump cycle according to
the first embodiment;

FIG. 17 is a Mollier diagram showing a fourth dehumidi-
fication and heating mode of the heat pump cycle according to
the first embodiment;

FIG. 18 is an overall schematic diagram illustrating an
existing heat pump cycle;

FIG. 19 is a cross-sectional view of an integration valve
taken along the line extending in the top-bottom direction at a
time when the separated vapor-phase refrigerant outlet hole is
open, according to a second embodiment;

FIG. 20 is a cross-sectional view of the integration valve
taken along the line extending in the top-bottom direction at a
time when the separated vapor-phase refrigerant outlet hole is
closed, according to the second embodiment;

FIG. 21 is an enlarged cross-sectional view illustrating an
enlarged substantial part of an integration valve according to
a third embodiment;

FIG. 22 is a cross-sectional view illustrating a modification
example of the integration valve member;

FIG. 23 is a cross-sectional view illustrating a modification
example of the integration valve member;

FIG. 24 is a cross-sectional view of an integration valve
taken along the line extending the top-bottom direction
according to a fourth embodiment;

FIG. 25 is an enlarged cross-sectional view illustrating an
enlarged substantial part of an integration valve according to
a fifth embodiment;

FIG. 26A is a cross-sectional view illustrating a situation
where an integration valve member opens a separated vapor-
phase refrigerant outlet hole according to a sixth embodi-
ment;

FIG. 268 is a cross-sectional view illustrating a situation
where the integration valve member closes the separated
vapor-phase refrigerant outlet hole according to the sixth
embodiment;

FIG. 27A is a cross-sectional view illustrating a modifica-
tion example of the sixth embodiment;

FIG. 27B is a cross-sectional view illustrating a modifica-
tion example of the sixth embodiment;

FIG. 28A is a cross-sectional view illustrating a situation
where an integration valve member opens the separated
vapor-phase refrigerant outlet hole according to a seventh
embodiment;

FIG. 28B is a cross-sectional view illustrating a situation
where the integration valve member closes the separated
vapor-phase refrigerant outlet hole according to the seventh
embodiment;

FIG. 29A is a cross-sectional view illustrating a modifica-
tion example of the seventh embodiment;

FIG. 29B is a cross-sectional view illustrating a modifica-
tion example of the seventh embodiment;

FIG. 30A is a cross-sectional view illustrating a situation
where an integration valve member opens the separated
vapor-phase refrigerant outlet hole according to an eighth
embodiment;

FIG. 30B is a cross-sectional view illustrating a situation
where the integration valve member closes the separated
vapor-phase refrigerant outlet hole according to the eighth
embodiment;
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FIG. 31A is a cross-sectional view illustrating a modifica-
tion example of the eighth embodiment; and

FIG. 31B is a cross-sectional view illustrating a modifica-
tion example of the eighth embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present disclosure will be described
hereafter referring to drawings. In the embodiments, a part
that corresponds to a matter described in a preceding embodi-
ment may be assigned with the same reference number, and
redundant explanation for the part may be omitted.

First Embodiment

Referring to FIGS. 1 to 18, a first embodiment of the
present disclosure will be described below. According to the
first embodiment, a heat pump cycle (i.e., a vapor compres-
sion refrigerant cycle) 10 has an integration valve 14 of the
present disclosure, and the heat pump cycle 10 is used for a
vehicle air conditioner 1 of an electric vehicle. The electric
vehicle gains a driving force from an electric motor for driv-
ing the electric vehicle. In the vehicle air conditioner 1, the
heat pump cycle 10 carries out a cooling operation or a heat-
ing operation to cool or heat a blown air blown into a passen-
ger compartment, which is an example of an object space
being air-conditioned. Therefore, an object fluid of heat
exchanging is the blown air in the first embodiment.

Further, as shown in an overall schematic diagram of FI1G.
1, the heat pump cycle 10 is configured to switch between (i)
a refrigerant cycle in a cooling operation mode cooling the
passenger compartment (i.e., a cooling operation mode cool-
ing the blown air) or in a dehumidification and heating opera-
tion mode (i.e., a dehumidification mode) dehumidifying and
heating the passenger compartment and (ii) a refrigerant
cycle in a heating operation mode heating the passenger com-
partment (i.e., a heating operation mode heating the blown
air).

Specifically, the heat pump cycle 10 switches between a
first heating mode (FIG. 2), which is an example of the heat-
ing operation mode and is carried out when an outside tem-
perature is ultralow (e.g., under 0° C.), and a second heating
mode (FIG. 3), in which a normal heating is carried out. In
FIGS. 1-3, arefrigerant flow of each operation mode is shown
by solid arrows.

The heat pump cycle 10 uses a hydrofluorocarbon (HFC)-
group refrigerant, specifically, R134a, as a refrigerant and
constructs a vapor-compression subcritical refrigerant cycle,
in which a high-pressure side refrigerant pressure Pd does not
exceed a subcritical pressure of the refrigerant. Other refrig-
erant such as a hidrofluoroolefin (HFO)-group refrigerant, for
example, R1234yf, may be used. Further, the refrigerant is
mixed with a refrigerant oil lubricating a compressor 11, and
apart of the refrigerant oil circulates in the heat pump cycle 10
together with the refrigerant.

The compressor 11 is one of components of the heat pump
cycle 10 and positioned in a bonnet of a vehicle. In the heat
pump cycle 10, when the refrigerant is supplied to the com-
pressor 11, the compressor 11 compresses the refrigerant and
discharges a compressed refrigerant. The compressor 11 is a
double-stage-compression electric compressor configured to
include a housing. The housing defines an outer wall of the
compressor 11 and houses two compression mechanisms
(i.e., a low-stage compression mechanism and a high-stage
compression mechanism) and an electric motor, which oper-
ates and rotates the two compression mechanisms.
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The housing of the compressor 11 has a suction port 11a,
an intermediate-pressure port 115, and a discharge port 11c.
The suction port 11a draws a low-pressure refrigerant from
outside of the housing to the low-stage compressing mecha-
nism. The intermediate-pressure port 116 supplies an inter-
mediate-pressure refrigerant from outside the housing to
inside the housing and mixes the intermediate-pressure
refrigerant with a refrigerant being compressed from a low
pressure to a high pressure. The discharge port 11¢ discharges
a high-pressure refrigerant from the high-stage compressing
mechanism, to outside of the housing.

Specifically, the intermediate-pressure port 115 is con-
nected to a refrigerant outlet side of the low-stage compres-
sion mechanism (i.e., a refrigerant suction side of the high-
stage compression mechanism). The low-stage compression
mechanism and the high-stage compression mechanism may
be a scroll-type compression mechanism, vane-type com-
pression mechanism, a rolling-piston-type compression
mechanism, or the like.

Operation (i.e., a rotation speed) of the electric motor is
controlled by control signals output from an air-conditioning
controller 40 which is described later, and the electric motor
may be an alternating-current or a direct-current motor. A
refrigerant discharge capacity of the compressor 11 is
changed by a rotation-number control. According to the first
embodiment, the electric motor configures a discharge capac-
ity changing part changing the refrigerant discharge capacity
of the compressor 11.

Although the compressor 11, in which the two compres-
sion mechanisms are housed by a single housing, is used
according to the first embodiment, a type of a compressor is
not limited to the compressor 11. That is, as long as the
intermediate-pressure refrigerant is made to flow through the
intermediate-pressure port 115 and mixed with the refrigerant
being compressed from a low pressure to a high pressure, the
compressor 11 may be an electric compressor. The electric
compressor is configured such that one fixed-capacity-type
compression mechanism and an electric motor rotary operat-
ing the fixed-capacity-type compression mechanism are
housed in a housing.

Further, a double-stage-compression electric compressor
may have a structure in which two compressors, a low-stage-
side compressor and a high-stage-side compressor, are con-
nected in series. The suction port 11a may be a suction port of
the low-stage-side compressor positioned on a low-stage
side. The discharge port 11¢ may be a discharge port of the
high-stage-side compressor positioned on a high-stage side.
The intermediate-pressure port 115 may be located at a con-
nection part connecting a discharge port of the low-stage-side
compressor and a suction port of the high-stage-side com-
pressor.

A refrigerant inlet side of an interior condenser 12 is con-
nected to the discharge port 11¢ of the compressor 11. The
interior condenser 12 is a using-side heat exchanger (i.c., a
first using-side heat exchanger) heating a blown air passed
though an interior evaporator 23 which will be described later,
and is disposed in an air conditioning case 31 of an interior air
conditioning unit 30 disposed in the vehicle air conditioner 1,
which will be described after. The interior condenser 12
works as a radiator radiating heat of a high-temperature high-
pressure refrigerant discharged from the compressor 11, spe-
cifically, the high-stage-side compression mechanism.

A refrigerant outlet side of the interior condenser 12 is
connected with an inlet side of a high-stage-side expansion
valve 13 working as a high-stage-side decompressor (i.e., a
first decompressor) decompressing a high-pressure refriger-
ant, flowing out the interior condenser 12, to be an interme-
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diate-pressure refrigerant. The high-stage-side decompressor
is an electric variable throttle mechanism including a valve
body, in which a throttle opening degree of the valve body can
be changed, and an electric actuator having a stepping motor
changing the throttle opening degree of the valve body.

Specifically, when the high-stage-side expansion valve 13
is partially closed to decompress a refrigerant, the throttle
opening degree is changed such that an equivalent diameter of
a throttle passage area is within the range of ¢0.5-¢3 mm.
Further, when the throttle opening degree is fully opened, the
equivalent diameter of the throttle passage area can be kept to
¢ 10 mm so that a refrigerant decompression function is not
exerted. Operation of the high-stage-side expansion valve 13
is controlled by control signals output from the air-condition-
ing controller 40. An outlet side of the high-stage-side expan-
sion valve 13 is connected with a refrigerant inlet port 1414 of
the integration valve 14.

The integration valve 14 is configured such that a vapor-
liquid separating part (e.g., a vapor-liquid separating space
14154), a valve device (e.g., an integration valve member 29),
a decompressor (e.g., a fixed throttle 17), and the like are
integrated. The vapor-liquid separating part separates a
refrigerant, flowing out the high-stage-side expansion valve
13, into a vapor-phase refrigerant and a liquid-phase refrig-
erant. The valve device opens or closes a vapor-phase refrig-
erant passage 1425, through which the vapor-phase refriger-
ant separated by the vapor-liquid separating part passes, and
a liquid-phase refrigerant passage 141d. The decompressor
decompresses the liquid-phase refrigerant separated by the
vapor-liquid separating part.

In other words, the integration valve 14 has a structure in
which a part of component devices required to drive the heat
pump cycle 10 as a gas injection cycle are integrated. More-
over, the integration valve 14 carries out a function as a
refrigerant cycle switching part switching a refrigerant cycle
in which refrigerant is circulating.

A detail of the structure of the integration valve 14 will be
described hereafter referring to FIGS. 4-8. FIGS. 4 and 5 are
schematic cross-sectional views of the integration valve 14 of
the first embodiment taken along a line extending in top-
bottom direction. FIG. 4 is a cross-sectional view showing a
stepping motor 28, which will be described after, in a condi-
tion where the stepping motor 28 operates the integration
valve member 29 so that a separated vapor-phase-refrigerant
outlet hole 1424 is opened. FIG. 5 is a cross-sectional view
showing the stepping motor 28 in a condition where the
stepping motor 28 operates the integration valve member 29
so that the separated vapor-phase-refrigerant outlet hole 1424
is closed. FIG. 6 is a cross-sectional view taken along a line
VI-VI of FIG. 6, and FIG. 7 is a cross-sectional view taken
along a line VII-VII of the FIG. 6, and FIG. 8 shows a
modification example of locational configuration inside the
integration valve 14.

The integration valve 14 has a body 140 defining an outer
shell of the integration valve 14 and housing the integration
valve member 29 and the like therein. The body 140 is con-
figured by a metal block body, which has a generally square
tubular shape, and an axis direction of the metal block body
extends in an up-down direction. The vapor-liquid separating
space 1415 is provided in the body 140. The vapor-liquid
separating space 1415 is configured to have a generally cylin-
drical shape, and an axis direction of the generally cylindrical
shape extends in the up-down direction.

The refrigerant inlet port 1414, through which a refrigerant
after flowing out of the high-stage-side expansion valve 13 is
introduced to the vapor-liquid separating space 1415, is
defined at an outer wall surface of the body 140.
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A refrigerant introducing passage 141/, which introduces
a refrigerant from the refrigerant inlet port 141a to the vapor-
liquid separating space 1415, communicates with the vapor-
liquid separating space 1415 via a refrigerant introducing
hole 141g.

As shown in the cross-sectional view of FIG. 7, the refrig-
erant introducing passage 141/ of this embodiment extends
in a tangential direction of a circle, which is a cross-sectional
shape of an inner wall surface of the vapor-liquid separating
space 1415h, when being viewed in an axial direction of the
vapor-liquid separating space 1415 (i.e., in the up-down
direction of this embodiment).

Therefore, the refrigerant introduced from the refrigerant
inlet port 141a into the vapor-liquid separating space 1415
turns and swirls along the inner wall surface of the vapor-
liquid separating space 1415, which has the generally circle
shape in cross section.

By an action of centrifugal force produced by such a swirl
flow, the refrigerant flowing in the vapor-liquid separating
space 1415 is separated into a vapor-phase refrigerant and a
liquid-phase refrigerant, and the liquid-phase refrigerant
moves downward of the vapor-liquid separating space 1415
by action of gravity. In other words, the vapor-liquid separat-
ing space 1415 configures a centrifugal vapor-liquid separat-
ing part.

As shown in FIG. 6, a swirl space Al, a separating space
A2, and a storing space A3 configure the vapor-liquid sepa-
rating space 1415. In the swirl space A1, the refrigerant flow-
ing out the refrigerant inlet port 141a flows in circle along the
inner wall surface. The separating space A2 separates the
refrigerant into the vapor-phase refrigerant and the liquid-
phase refrigerant. The storing space A3 in which the liquid-
phase refrigerant separated in the separating space A2 is
stored.

The swirl space Al is a space provided between the inner
wall surface of the vapor-liquid separating space 1415 and an
outer wall surface of a gas-phase refrigerant outlet pipe 142¢,
which will be described after. A length of the swirl space Al
in the axial direction of the vapor-liquid separating space
14154 is longer than a half of a whole length of the vapor-liquid
separating space 14156 in the axial direction.

The separating space A2 is positioned downward of the
swirl space Al and is a space provided between an end (i.e., a
bottom end) of the separated vapor-phase refrigerant outlet
pipe 142¢ in a longitudinal direction and the integration valve
member 29. A length of the separating space A2 in the axial
direction of the vapor-liquid separating space 1415 is equal to
an inside diameter of the separated vapor-phase refrigerant
outlet pipe 142c¢.

The storing space A3 is positioned downward of the sepa-
rating space A2 and is a space provided between the inner
wall surface of the vapor-liquid separating space 1415 and an
outer wall surface of a tubular portion 143 which will be
described later. A length of the storing space A3 in the axial
direction of the vapor-liquid separating space 1415 is the rest
length of the whole length of the vapor-liquid separating
space 1415 excepting the length of the swirl space Al and the
length of the separating space A2.

As shown in a cross-sectional view of FIG. 6, the refriger-
ant introducing hole 141g of this embodiment is configured
by an elongate hole extending in the axial direction of the
vapor-liquid separating space 1415. In other words, a vertical
dimension Dv of the refrigerant introducing hole 141g
extending in the axial direction of the vapor-liquid separating
space 14156 is larger than a horizontal dimension Dh of the
refrigerant introducing hole 141g extending in a direction
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perpendicular to the tangential direction of the vapor-liquid
separating space 1416 (Dv>Dh).

Therefore, when a refrigerant introduced to the vapor-
liquid separating space 1415 swirls in the vapor-liquid sepa-
rating space 1415, amain flow of the refrigerant gyrates along
a radial-outer wall of the vapor-liquid separating space 1415
without spreading radial-inward of the vapor-liquid separat-
ing space 1415. Thus, centrifugal force can act effectively to
the refrigerant flowing into the vapor-liquid separating space
14154, and a vapor-liquid separating efficiency in the integra-
tion valve 14 can be improved.

Furthermore, the refrigerant introducing hole 141g opens
ata position where is far from one end (i.e., alower end) of the
separated vapor-phase refrigerant outlet pipe 142¢ in a lon-
gitudinal direction and is closer to the other end (i.e., an upper
end) of the separated vapor-phase refrigerant outlet pipe 142¢
in the longitudinal direction.

A distance Lv from a lower end of the refrigerant introduc-
ing hole 141g to the one end (i.e., the lower end) of the
separated vapor-phase refrigerant outlet pipe 142c¢ is deter-
mined based on the vertical dimension Dv of the refrigerant
introducing hole 141g. Specifically, the distance Lv from the
lower end of the refrigerant introducing hole 141g to the one
end (i.e., the lower end) of the separated vapor-phase refrig-
erant outlet pipe 142¢ is determined to be larger than a half of
the vertical dimension Dv of the refrigerant introducing hole
141g as shown in a formula F1 below.

Ly=(Y2)xDv (F1)

Alocation of the lower end of the refrigerant introducing hole
141g corresponds to an end portion at the one end side of the
separated vapor-phase refrigerant outlet pipe 142¢, which
will be described later.

As described above, when the distance Lv from an end
location of the refrigerant introducing hole 141g to the one
end of the separated vapor-phase refrigerant outlet pipe 142¢
is set to satisfy the formula F1, an entrance length, in which
the refrigerant swirls sufficiently in the vapor-liquid separat-
ing space 1415, can be kept. Therefore, a vapor-liquid sepa-
rating efficiency in the integration valve 14 can be improved.

A distance Lh between a center line CI of the refrigerant
introducing passage 141/ and a tangent line T1 of the vapor-
liquid separating space 14154 at a radial-outer wall surface,
which is parallel with the center line CI is determined based
on the horizontal dimension Dh of the refrigerant introducing
hole 141g. Specifically, the distance Lh between the center
line CI and the tangent line T1 is determined to be longer than
a half of the horizontal dimension Dh of the refrigerant intro-
ducing hole 141g and shorter than one and a half of the
horizontal dimension Dh of the refrigerant introducing hole
141g, as shown with a formula F2.

(Y2)xDh=Lh=(3/2)xDh F2)

FIG. 7 is a cross-sectional view taken along a line VII-VII
of FIG. 6 in a condition where the distance Lh between the
center line CI and the tangent line T1 is equal to a half of the
horizontal dimension Dh of the refrigerant introducing hole
141g. FIG. 8 is a cross-sectional view taken along the line
VII-VII of FIG. 6 in a condition where the distance Lh
between the center line CI and the tangent line T1 is equal to
one and a half of the horizontal dimension Dh of the refrig-
erant introducing hole 141g.

Because the distance Lh between the center line Cl and the
tangent line T1 is set to satisfy the formula F2, the refrigerant
can receive great centrifugal force, when the refrigerant flow-
ing into the vapor-liquid separating space 1415 swirls along
the radial-outer wall surface of the vapor-liquid separating
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space 141b. Therefore, a vapor-liquid separating efficiency in
the integration valve 14 can be improved.

The separated vapor-phase refrigerant outlet pipe 142c¢,
which guides the vapor-phase refrigerant separated in the
vapor-liquid separating space 1415 toward a vapor-phase
refrigerant outlet port 142a, is provided at the body 140. The
separated vapor-phase refrigerant outlet pipe 142¢ is formed
in a cylindrical shape and is positioned to be coaxial with the
vapor-liquid separating space 141b. Therefore, the refrigerant
flowing into the vapor-liquid separating space 1415 flows and
swirls along the separated vapor-phase refrigerant outlet pipe
142¢.

The separated vapor-phase refrigerant outlet pipe 142¢
extends so that a terminal part of the separated vapor-phase
refrigerant outlet pipe 142¢ is positioned inside the vapor-
liquid separating space 1415. The separated vapor-phase
refrigerant outlet hole 142d is provided at the terminal part
emitting the vapor-phase refrigerant separated in the vapor-
liquid separating space 1414.

According to this embodiment, the vapor-phase refrigerant
passage 1424 is provided in the separated vapor-phase refrig-
erant outlet pipe 142¢. A communication hole, through which
an upper side of the separated vapor-phase refrigerant outlet
pipe 142¢ communicates with outside the body 140, is pro-
vided at an upper side of the separated vapor-phase refriger-
ant outlet pipe 142¢. An opening of the communication hole
on an external side of the body 140 defines the vapor-phase
refrigerant outlet port 142a. The communication hole extends
to be perpendicular to the axis direction of the vapor-phase
refrigerant outlet pipe 142c¢.

The vapor-liquid separating space 1415 houses the sepa-
rated vapor-phase refrigerant outlet hole 1424 of the sepa-
rated vapor-phase refrigerant outlet pipe 142¢ and the inte-
gration valve member 29 opening or closing a separated
liquid-phase refrigerant outlet hole 141¢, which is positioned
at the tubular portion 143 located on a lower side of the body
140.

The tubular portion 143 is formed of a generally cylindrical
resin part, which is located such that an axial direction of the
resin part is coaxial with the vapor-liquid separating space
14154, and is fixed and fastened at a terminal part of the body
140. The tubular portion 143 is a portion configuring a liquid-
phase refrigerant passage 1414 and the fixed throttle 17.
Therefore, the liquid-phase refrigerant passage 141d and the
fixed throttle 17 are positioned downward of the separated
vapor-phase refrigerant outlet hole 142d. A seal portion is
positioned between an inner periphery side of the body 140
and an outer periphery side of the tubular portion 143 so that
a refrigerant does not leak from a gap between the inner
periphery side of the body 140 and the outer periphery side of
the tubular portion 143.

The liquid-phase refrigerant passage 1414 is defined on the
inner periphery side of the tubular portion 143. An opening on
an upper end side of the tubular portion 143 defines the
separated liquid-phase refrigerant outlet hole 141¢ introduc-
ing a liquid-phase refrigerant separated at the vapor-liquid
separating space 1415 to a side of the liquid-phase refrigerant
passage 141d. An opening on a lower end side of the tubular
portion 143 defines a liquid-phase refrigerant outlet port 141e
flowing out the liquid-phase refrigerant separated at the
vapor-liquid separating space 14156 outside the integration
valve 14. The separated liquid-phase refrigerant outlet hole
141c is provided to be opposite to the separated vapor-phase
refrigerant outlet hole 142d of the separated vapor-phase
refrigerant outlet pipe 142c¢.

A protruding portion, which has an annular shape and
protrudes toward a vapor-liquid separating space 1415 side, is
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provided at the opening on the upper end side of the tubular
portion 143. An upper end surface of the protruding portion of
the tubular portion 143 is provided with a valve seat portion
143a, which contacts a liquid-phase-refrigerant side seal por-
tion 29a of the integration valve member 29, when the inte-
gration valve member 29 closes the separated liquid-phase
refrigerant outlet hole 141¢ (i.e., the liquid-phase refrigerant
passage 1414).

Further, the fixed throttle 17 is provided on an outer periph-
ery side of the protruding portion of the tubular portion 143 to
decompress and discharge a liquid-phase refrigerant sepa-
rated at the vapor-liquid separating space 1415 toward a side
of a liquid-phase refrigerant outlet port 141e when the inte-
gration valve member 29 closes the liquid-phase refrigerant
passage 141d. More specifically, the fixed throttle 17 is
extended to be parallel with a refrigerant passage provided
inside the valve seat portion 143a.

If a refrigerant of which speed fluctuation is wide in the
swirl space Al of the separating space A2 directly flows into
the fixed throttle 17, there may be a fear that a decompression
characteristic of the fixed throttle 17 becomes unstable.

In the present embodiment, the fixed throttle 17 has is
configured to open to the storing space A3 of the vapor-liquid
separating space 1415. Therefore, a vapor-phase refrigerant is
restricted from flowing into the fixed throttle 17, and the
decompression characteristic of the fixed throttle 17 can be
stabilized.

Specifically, a nozzle or an orifice of which opening degree
is fixed can be used as the fixed throttle 17. In a fixed throttle
such as the nozzle and the orifice, aperture passage area is
drastically decreased or increased. Therefore, a flow amount
ofa refrigerant passing through the fixed throttle and a quality
of'arefrigerant on an upstream side of the fixed throttle can be
self-controlled (i.e., balanced) while a pressure difference
between an upstream side and a downstream side (i.e., a
pressure difference between an inlet port and an outlet port).

Specifically, when the pressure difference between the
upstream side and the downstream side is relatively large, the
quality of the refrigerant on the upstream side of the fixed
throttle 17 is balanced to be large while a required flow
amount of a circulating refrigerant, which is a required flow
amount circulating in a cycle, is decreased. On the other hand,
when the pressure difference is relatively small, the quality of
the refrigerant on the upstream side of the fixed throttle 17 is
balanced to be small while the required flow amount of the
circulating refrigerant is increased.

However, when the quality of the refrigerant on the
upstream side of the fixed throttle 17 is large, and when an
exterior heat exchanger 20 works as an evaporator, a coeffi-
cient of performance (COP) of the cycle is slipped while a
heat absorb amount (i.e., a refrigeration capacity) of a refrig-
erant at the exterior heat exchanger 20 is decreased. Accord-
ing to this embodiment, even if the required flow amount of
the circulating refrigerant is changed by variation of a load
change in a heating operation mode (i.e., a first heating
mode), the COP is restricted from slipping such that a quality
X of the refrigerant on the upstream side of the fixed throttle
17 is smaller than or equal to 0.1.

In other words, the fixed throttle 17 of the present embodi-
ment is adapted such that the quality of the refrigerant on the
upstream side of the fixed throttle is self-controlled to be
smaller than or equal to 0.1 even if the flow amount of the
circulating refrigerant and the pressure difference between
the inlet port and the outlet port of the fixed throttle changes
in a range envisioned when a load change is caused in the heat
pump cycle 10.
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A temperature difference between a temperature of a
refrigerant after passing through the fixed throttle 17 and a
temperature before passing through the fixed throttle 17 is
large (e.g., about 30° C.). Therefore, when the tubular portion
143 configuring the liquid-phase refrigerant passage 141d
and the fixed throttle 17 is a metal block, a heat of a high-
temperature refrigerant before passing through the fixed
throttle 17 is heat-exchanged with a low-temperature refrig-
erant (i.e., a refrigerant in vapor-liquid mixing state) after
passing through the fixed throttle 17 and is cooled via the
body 140 and the tubular portion 143. That is, when the body
140 and the tubular portion 143 are made of a metal material
having a relatively high heat conductivity, there is a possibil-
ity that the refrigerant before passing through the fixed
throttle 17 is indirectly heat-exchanged with the refrigerant
after passing through the fixed throttle 17 via the body 140
and the tubular portion 143.

Such a heat transferring causes (i) a decreasing of a heat-
transferring amount of the exterior heat exchanger 20 posi-
tioned on a downstream side of the integration valve 14 in a
flow direction of a refrigerant, and (ii) a decreasing of a
heating capacity when the heat pump cycle 10 is operated to
be a gas injection cycle.

In contrast, according to this embodiment, the tubular por-
tion 143 is made of a resin material having a greater heat
resistance than the body 140 made of a metal block. The
decompressing characteristic of the fixed throttle 17 can be
stable by restricting indirect heat transferring between the
refrigerant before passing through the fixed throttle 17 and the
refrigerant after passing through the fixed throttle 17 via the
body 140 and the fixed throttle 17. Therefore, a decreasing of
a heat-transferring amount of a heat exchanger positioned
downstream of the integration valve 14 in the flow direction of
the refrigerant can be restricted. Moreover, a temperature
decreasing of a vapor-phase refrigerant flowing out via the
vapor-phase refrigerant passage 1425 can be restricted, by a
liquid-phase refrigerant decompressed by operation of the
integration valve member 29. Accordingly, when the heat
pump cycle 10 is operated to be the gas injection cycle, the
heating capacity is restricting from decreasing.

Further, according to this embodiment, the vapor-liquid
separating space 1415, the liquid-phase refrigerant passage
141d, and the fixed throttle 17 are integrally-configured
inside the body 140. Therefore, a heat-transferring amount of
refrigerant passing through the liquid-phase refrigerant pas-
sage 141d from outside can be decreased as compared to a
case where a refrigerant passage connecting the separated
liquid-phase refrigerant outlet hole 141¢ of the vapor-liquid
separating space 1415 and the fixed throttle is separately
provided by a pipe.

Therefore, a phenomenon, which will be referred to as a
heat damage hereafter, that the refrigerant passing through
the liquid-phase refrigerant passage 141d is boiled and vapor-
ize by having heat from outside of the integration valve 14 can
be reduced. This point will be described referring to FIG. 9.
FIG. 9 is a flow characteristic chart (i.e., a throttle character-
istic chart) showing an influence of the heat damage in a
condition that the pressure difference between a refrigerant
pressure on the upstream side of the fixed throttle 17 and a
refrigerant pressure on the downstream side of the fixed
throttle 17 is fixed.

As seen in FIG. 9, a flow amount Q of refrigerant passing
through the fixed throttle 17 is decreased when a quality of the
refrigerant upstream of the fixed throttle is increased by the
heat damage. Further, when a density of a refrigerant passing
through the liquid-phase refrigerant passage 141d is
decreased, the flow amount Q is decreased by increase of a
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pressure loss by the heat damage while a refrigerant passes
through the liquid-phase refrigerant passage 1414.

According to this embodiment, the vapor-liquid separating
space 1415, the liquid-phase refrigerant passage 141d, and
the fixed throttle 17 are integrally configured in the body 140.
Therefore, increase of the quality X and increase of the pres-
sure loss caused by the heat damage are restricted, and the
flow amount Q at the fixed throttle 17 can be effectively
restricted from decreasing.

The integration valve member 29 is positioned between the
separated vapor-phase refrigerant outlet hole 1424 located in
the separating space A2 and the separated liquid-phase refrig-
erant outlet hole 141¢ located in the storing space A3. The
integration valve member 29 extends in a direction perpen-
dicular to the axis direction of the vapor-liquid separating
space 1415 (i.e., a horizontal direction according to this
embodiment) and is formed of a discoid shaped portion. The
discoid shaped portion is larger than an inside diameter of the
separated liquid-phase refrigerant outlet hole 141c¢.

According to this embodiment, an outside diameter Ds of
the integration valve member 29 is determined in a range
satisfying the relational expression F3 and the relational
expression F4 shown below, in consideration of a vapor-
liquid separating efficiency in the integration valve 14 and a
pressure loss AP of the integration valve 14 due to the inte-
gration valve member 29.

Dp=Ds=<(Dx+Dr)/2 F3

ax(Dr/2)?—qux(Dx/2=nx(Do/2 F4

Dp is an outside diameter of the separated vapor-phase
refrigerant outlet pipe 142¢, Dr is an inside diameter of the
vapor-liquid separating space 1415, and Do is an inside diam-
eter of the separated liquid-phase refrigerant outlethole 141c¢.
When being viewed in an axial direction, Dx is an outside
diameter (i.e., an equivalent diameter) of the integration valve
member 29, in a condition that an area of a ring shaped part
provided between the vapor-liquid separating space 1415 and
the integration valve member 29, is equal to a cross-sectional
area of the separated liquid-phase refrigerant outlet hole 141¢
in the radial direction. The area of the ring shaped part cor-
responds to the left-hand side of the above relational expres-
sion F4, and the cross-sectional area of the separated liquid-
phase refrigerant outlet hole 141c¢ in the radial direction
corresponds to the right-hand side of the relational expression
F4. The relational expression F4 is simplified to Dx=(Dr*-
Doz)l/z.

The above relationship will be described referring to FIG.
10. FIG. 10 is an explanatory diagram showing (i) a variation
of'the pressure loss AP in the integration valve 14 integration
valve member and (ii) a variation of the vapor-liquid separat-
ing efficiency (%) of the vapor-liquid separating space 1415
when the outer diameter Ds of the integration valve member
29 of the integration valve 14 shown in FIG. 6 is changed. The
pressure loss AP is a measured value in an operation mode in
which the separated liquid-phase refrigerant outlet hole 141¢
is open, and the separated vapor-phase refrigerant outlet hole
142d is closed in the integration valve member 29. The vapor-
liquid separating efficiency is a measured value in an opera-
tion mode in which the separated liquid-phase refrigerant
outlet hole 141c¢ is closed, and the separated vapor-phase
refrigerant outlet hole 1424 is open.

As shown in FIG. 10, as the outside diameter Ds of the
integration valve member 29 decreases, the vapor-liquid
separating efficiency tends to be decreased. Moreover, when
the outside diameter Ds of the integration valve member 29 is
smaller than the outside diameter Dp of the separated vapor-
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phase refrigerant outlet pipe 142¢, the vapor-liquid separating
efficiency is decreased drastically. Conversely, when the out-
side diameter Ds of the integration valve member 29 is larger
than or equal to the outside diameter Dp of the separated
vapor-phase refrigerant outlet pipe 142c¢, the vapor-liquid
separating efficiency is securely maintained to be high.

Therefore, according to the present embodiment, a mini-
mum value of the outside diameter Ds of the integration valve
member 29 is determined to be the same value as the outside
diameter Dp of the separated vapor-phase refrigerant outlet
pipe 142¢ (Dp=Ds), from the point of view of the vapor-liquid
separating efficiency inside of the integration valve 14.

When the outside diameter Ds of the integration valve
member 29 is overlarge, the integration valve member 29
itself may become a passage resistance between an outer
periphery side of the integration valve member 29 and the
vapor-liquid separating space 1415 in an operation mode
(cooling operation mode or the like) in which the integration
valve member 29 opens 141¢ and closes 1424. In this case, a
pressure loss of refrigerant passing between the outer periph-
ery side of the integration valve member 29 and the vapor-
liquid separating space 1415 may be increased.

Specifically, as shown in FIG. 10, the pressure loss AP is
drastically increased when the outside diameter Ds of the
integration valve member 29 is larger than the outside diam-
eter Dx. Such increase of the pressure loss AP inside of the
integration valve 14 may decrease a system performance.

Therefore, inventors of the present disclosure determine a
maximum value of the outside diameter Ds of the integration
valve member 29 at a middle value (=(Dx+Dr)/2) between the
outside diameter Dx and the inside diameter Dr of the vapor-
liquid separating space 1415, by considering an acceptable
range of a system-performance decrease due to the pressure
loss AP.

In a point of view of reducing the pressure loss AP in the
integration valve 14, an upper limit of the outside diameter Ds
of'the integration valve member 29 is set to Dx preferably. In
this case, an area of a ring-shaped part provided between the
vapor-liquid separating space 1415 and the integration valve
member 29 is larger than a sectional area of the separated
liquid-phase refrigerant outlet hole 141c¢ in the radial direc-
tion. Therefore, the pressure loss AP in the integration valve
14 due to disposing the integration valve member 29 is
restricted from increasing.

According to the present embodiment, (i) the liquid-phase-
refrigerant side seal portion 294, which is made of resin and
has an annular shape, is positioned on a bottom surface side of
the integration valve member 29, and (ii) a vapor-phase-
refrigerant side seal portion 295, which is made of resin and
has an annular shape, is positioned on a top surface side of the
integration valve member 29. As shown in FIG. 5, the vapor-
phase-refrigerant side seal portion 295 abuts the separated
vapor-phase refrigerant outlet hole 142d of the separated
vapor-phase refrigerant outlet pipe 142¢ when the integration
valve member 29 closes the vapor-phase refrigerant passage
1425.

Furthermore, the integration valve member 29 connects
with a movable part of the stepping motor 28, and the stepping
motor 28 is fixed to an upper side of the body 140 using a
fastening part such as a fastening bolt or the like, via a shaft
29¢ adapting as a drive mechanism. The shaft 29¢ is disposed
coaxially with the separated vapor-phase refrigerant outlet
pipe 142¢ and passes through inside of the separated vapor-
phase refrigerant outlet pipe 142¢ (i.e., the vapor-phase
refrigerant passage 1425).

The stepping motor 28 is a drive device moving the inte-
gration valve member 29 in an axial direction (i.e., a top-
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bottom direction) of the shaft 29¢, and a control pulse output
from the air-conditioning controller 40 controls an operation
of the stepping motor 28.

The stepping motor 28 is constructed to move the integra-
tion valve member 29 to a position closing the separated
vapor-phase refrigerant outlethole 142d (i.e., the vapor-phase
refrigerant passage 1425) when the separated liquid-phase
refrigerant outlet hole 141¢ (i.e., the liquid-phase refrigerant
passage 1414) is open to discharge refrigerant toward a side of
the liquid-phase refrigerant outlet hole 141e. Specifically, the
stepping motor 28 moves the integration valve member 29
upward so that the separated vapor-phase refrigerant outlet
hole 1424 is closed, and that the separated liquid-phase refrig-
erant outlet hole 141c¢ is open.

In a condition that the integration valve member 29 is
positioned to open the separated liquid-phase refrigerant out-
lethole 141¢, a pressure loss caused due to refrigerant passing
through the liquid-phase refrigerant passage 141d is
extremely smaller than a pressure loss caused due to refrig-
erant passing through the fixed throttle 17. Therefore, in the
condition that the integration valve member 29 is positioned
to open the separated liquid-phase refrigerant outlet hole
141c, refrigerant flows out through the liquid-phase refriger-
ant outlet hole 141e to outside of the integration valve 14
generally without being decompressed via a refrigerant pas-
sage provided on an inner periphery side of the valve seat
portion 143a.

The stepping motor 28 is also constructed to move the
integration valve member 29 to a position decompressing
vapor-phase refrigerant flowing toward a side of the liquid-
phase refrigerant outlet hole 141e, when the separated vapor-
phase refrigerant outlet hole 142d (i.e., the vapor-phase
refrigerant passage 142b) is open to discharge vapor-phase
refrigerant to a side of the vapor-phase refrigerant outlet hole
142a. Specifically, the stepping motor 28 moves the integra-
tion valve member 29 to a position closing the separated
liquid-phase refrigerant outlet hole 141¢ (i.e., the liquid-
phase refrigerant passage 141d) so as to open the separated
vapor-phase refrigerant outlet hole 1424.

When the separated liquid-phase refrigerant outlet hole
141c¢ is closed by the integration valve member 29 in such a
way, liquid-phase refrigerant separated in the vapor-liquid
separating space 1415 flows out through the liquid-phase
refrigerant outlet port 141e to outside of the integration valve
14 after being decompressed by the fixed throttle 17.

A check valve (not shown) is positioned at a refrigerant
pipe of the integration valve 14, which extends from the
vapor-phase refrigerant outlet port 1424 to the intermediate-
pressure port 115 of the compressor 11, and allows refrigerant
to flow only from the integration valve 14 to the intermediate-
pressure port 115 of the compressor 11. Accordingly, refrig-
erant is restricted from flowing out of a side of the compressor
11 to a side of the integration valve 14. The check valve may
be configured integrally with the integration valve 14 or the
compressor 11.

As shown in FIGS. 1-3, a refrigerant inlet side of the
exterior heat exchanger 20 is connected to the liquid-phase
refrigerant outlet port 141e of the integration valve 14. The
exterior heat exchanger 20 is positioned in a bonnet, and heat
is transferred between refrigerant flowing inside the exterior
heat exchanger 20 and outside air blown by a blower 21. The
exterior heat exchanger 20 works as an evaporator evaporat-
ing low-pressure refrigerant so that the low-pressure refrig-
erant exerts a heat-absorbing action at least in the heating
operation (e.g., the first heating mode and the second heating
mode) and works as a radiator so that high-pressure refriger-
ant radiates heat in the cooling operation mode or the like.
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A refrigerant inlet side of a cooling expansion valve 22,
which is as a second decompression device, connects with an
outlet side of a refrigerant outlet side of the exterior heat
exchanger 20. The cooling expansion valve 22 decompresses
refrigerant which flows out through the exterior heat
exchanger 20 into the interior evaporator 23 in the cooling
operation mode or the like. A basic structure of the cooling
expansion valve 22 is the same as a high-stage-side expansion
valve 13, and an operation of the cooling expansion valve 22
is controlled by control signals output from the air-condition-
ing controller 40.

A refrigerant inlet side of the interior evaporator 23 con-
nects with an outlet side of the cooling expansion valve 22.
The interior evaporator 23 is disposed in the air conditioning
case 31 of the interior air conditioning unit 30 at an upstream
side of the interior condenser 12 in a blowing air direction.
The interior evaporator 23 is a heat exchanger adapting as an
evaporator (e.g., a second using-side heat exchanger) and
cools blowing air by evaporating refrigerant passing through
the interior evaporator 23 so that the refrigerant exerts a
heat-absorbing action in the cooling operation mode, the
dehumidification and heating operation mode, or the like.

An inlet side of an accumulator 24 connects with an outlet
side of the interior evaporator 23. The accumulator 24 is a
low-pressure-side vapor-liquid separator separating refriger-
ant drawn in the accumulator 24 into vapor-phase refrigerant
and liquid-phase refrigerant and storing excess refrigerant. In
addition, the suction port 11a of the compressor 11 connects
with a vapor-phase refrigerant outlet port of the accumulator
24. Therefore, the interior evaporator 23 connects with the
accumulator 24 so as to cause refrigerant to flow toward a side
of the suction port 11a of the compressor 11.

Further, the outlet side of the exterior heat exchanger 20
connects with an expansion-valve bypass passage 25, and the
expansion-valve bypass passage 25 guides refrigerant flow-
ing form the exterior heat exchanger 20 to the inlet side of the
accumulator 24 such that refrigerant bypasses the cooling
expansion valve 22 and the interior evaporator 23. A bypass-
passage switching valve 27 is located at the expansion-valve
bypass passage 25.

The bypass-passage switching valve 27 is a solenoid valve
switching the expansion-valve bypass passage 25 to be open
or closed, and the opening and closing operation of the
bypass-passage switching valve 27 is controlled by a control
voltage output from the air conditioning controller 40. A
pressure loss due to refrigerant passing the bypass-passage
switching valve 27 is extremely smaller than a pressure loss
due to refrigerant passing the cooling expansion valve 22.

Therefore, when the bypass-passage switching valve 27 is
open, refrigerant flowing out of the exterior heat exchanger 20
flows into the accumulator 24 via the expansion-valve bypass
passage 25. In this case, the cooling expansion valve 22 may
be fully open.

When the bypass-passage switching valve 27 is closed,
refrigerant flows into the interior evaporator 23 via the cool-
ing expansion valve 22. Accordingly, the bypass-passage
switching valve 27 can switch a refrigerant cycle of the heat
pump cycle 10. Therefore, the bypass-passage switching
valve 27 of the present embodiment constructs a refrigerant
cycle switching device together with the integration valve 14.

The interior air conditioning unit 30 will be described. The
interior air conditioning unit 30 is disposed inside an instru-
ment board (i.e., a dash panel) located at forefront part of a
passenger compartment and has the air conditioning case 31
therein. The air conditioning case 31 provides an outer shell
of'the interior air conditioning unit 30 and has an air passage,
in which air blown toward the passenger compartment flows.
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Ablower 32, the interior condenser 12, the interior evaporator
23, or the like are disposed in the air passage.

An inside air/outside air switching device 33 switching
intake air between inside air (i.e., air inside the passenger
compartment) and outside air is positioned at a most upstream
side in a flow direction of air in the air conditioning case 31.
The inside air/outside air switching device 33 continuously
regulates (i) an opening area of an inside air intake port
introducing inside air into the air conditioning case 31 and (ii)
an opening area of an outside air intake port introducing
outside air into the air conditioning case 31 by using an inside
air/outside air switching door so that an air volume ratio of
inside air volume to outside air volume is continuously
changed.

The blower 32, which blows air drawn via the inside air/
outside air switching device 33 toward the passenger com-
partment, is positioned downstream of the inside air/outside
air switching device 33 in the flow direction of air. The blower
32 is an electric blower, in which a centrifugal multiblade
blower (i.e., a sirocco fan) is operated by an electric motor,
and a rotating speed (i.e., a blowing air volume) is controlled
based on a control voltage output from the air conditioning
controller 40.

The interior evaporator 23 and the interior condenser 12 are
disposed on a downstream side of the blower 32 in the flow
direction of air in this order of the interior evaporator 23 and
the interior condenser 12. In other words, the interior evapo-
rator 23 is located at an upstream side of the interior con-
denser 12 in the flow direction of air.

Inthe air conditioning case 31, abypass passage 35 guiding
blowing air after passing the interior evaporator 23 to bypass
the interior condenser 12 is disposed, and an air mix door 34
is positioned on a downstream side of the interior evaporator
23 and on an upstream side of the interior condenser 12 in the
flow direction of air.

The air mix door 34 of the present embodiment is a flow
amount regulator regulating a flow amount (i.e., an air vol-
ume) of blowing air blown into the interior condenser 12 so
that a ratio of an air volume of blowing air passing on a side
of the interior condenser 12 to an air volume of blowing air
passing through the bypass passage 35 is regulated after
blowing air passes through the interior evaporator 23. The air
mix door 34 functions as a regulator regulating a heat
exchanging ability of the interior condenser 12.

A mixing space 36 is provided at a downstream side of the
interior condenser 12 and the bypass passage 35 in the flow
direction of air. In the mixing space 36, blowing air heated by
exchanging heat with refrigerant at the interior condenser 12
is mixed with blowing air passing through the bypass passage
35 without being heated.

Openings are located most downstream of the air condi-
tioning case 31 in the flow direction of air so that blowing air
mixed in the mixing space 36 is blown to the passenger
compartment that is a space to be cooled. Specifically, (i) a
defroster opening 37a blowing conditioned air toward inside
surface of a windshield of a vehicle, (ii) a face opening 376
blowing conditioned air toward an upper body of an occupant
in the passenger compartment, and (iii) a foot opening 37¢
blowing conditioned air toward foot of an occupant in the
passenger compartment are provided as the opening.

Therefore, the air mix door 34 regulates the ratio of an air
volume of blowing air passing on a side of the interior con-
denser 12 to an air volume of blowing air passing through the
bypass passage 35 such that temperature of air in the mixing
space 36 is regulated. The air mix door 34 is operated by a
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servo motor (not shown), and an operation of the servo motor
is controlled based on control signals output from the air
conditioning controller 40.

Moreover, a defroster door 38a regulating an opening area
of the defroster opening 37a, a face door 385 regulating an
opening area of the face opening 375, and a foot door 38¢
regulating an opening area of the foot door 38¢ are located
upstream of the defroster opening 37a, the face opening 375,
and the foot opening 37¢, respectively.

The defroster door 384, the face door 385, and the foot door
38c¢ configure outlet mode switching parts for opening or
closing the openings 37a-37¢ and are controlled by a servo
motor (not shown), which is operated based on control signals
output from the air conditioning controller 40, via a link
mechanics or the like.

A face outlet, a foot outlet, and a defroster outlet disposed
in the passenger compartment are connected to a downstream
side of the defroster opening 37a, the face opening 375, and
the foot opening 37¢, respectively, in the flow direction of air
via a duct providing an air passage.

The outlet mode is, for example, (i) a face mode in which
the face opening 375 is fully open to blow air toward an upper
body of an occupant via the face outlet, (ii) a bi-level mode in
which both of the face opening 375 and the foot opening 37¢
are open to blow air toward an upper body and foot of an
occupant, and (iii) a foot mode in which the foot opening 37¢
is fully open and the defroster opening 37a is open in a small
degree to mainly blow air from the foot outlet.

An electric control device of the present embodiment will
be described. The air conditioning controller 40 is configured
from a well-known microcomputer including CPU, ROM,
RAM, or the like and a peripheral circuit, and performs a
variety of arithmetic processing. The air conditioning con-
troller 40 controls an operation of a variety of air conditioning
devices (e.g., the compressor 11, the integration valve 14, the
bypass passage switching valve 27, the blower 32, or the like)
connected to an output side, based on an air conditioning
control program memorized at ROM.

A sensor group 41 for a variety of air conditioning control
is connected to an input side of the air conditioning controller
40. The sensor group 41 includes (i) an inside air sensor
detecting a temperature in a passenger compartment, (ii) an
outside air sensor detecting a temperature of outside air, (iii)
a solar radiation sensor detecting a solar radiation amount
entering in the passenger compartment, (iv) a temperature
sensor for an evaporator detecting a temperature of blowing
air blown from the interior evaporator 23 (i.e., a temperature
of'the evaporator), (v) a discharge-pressure sensor detecting a
pressure of high-pressure refrigerant discharged from the
compressor 11, (vi) a condenser temperature sensor detecting
a temperature of refrigerant flowing out of the interior con-
denser 12, (vii) a suction-pressure sensor detecting a pressure
of'intake refrigerant drawn into the compressor 11, or the like.

Further, a control panel (not shown) is positioned around
an instrument panel located at front area in a passenger com-
partment and is connected to an input side of the air condi-
tioning controller 40. Control signals from various air condi-
tioning operation switches disposed to the control panel are
input to the air conditioning controller 40. The various air
conditioning operation switches are, specifically, (i) an opera-
tion switch of the vehicle air conditioner 1, (ii) an inside
temperature setting switch setting a temperature in the pas-
senger compartment, (iii) a mode selecting switch selectively
setting the cooling operation mode, (iv) a dehumidification
and heating operation mode, or (v) the heating operation
mode, or the like.
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Control parts controlling operation of various air condi-
tioning control devices connected to an output side of the air
conditioning controller 40 are integrated to provide the air
conditioning controller 40, and a configuration (a hardware
and a software) controlling operation of each controlled
object apparatus configures a control part controlling the
operation of each controlled object apparatus.

For example, according to the present embodiment, a con-
figuration (a hard ware and a software) controlling an opera-
tion of an electric motor of the compressor 11 configures a
discharge ability controlling part, and a configuration (a hard
ware and a software) controlling an operation of the integra-
tion valve 14 and the bypass passage switching valve 27
configures arefrigerant circuit controlling part. The discharge
ability controlling part, the refrigerant circuit controlling part,
or the like may be configured as a control device separately
from the air conditioning controller 40.

An operation of the vehicle air conditioner 1 of the present
embodiment having a structure described above will be
described. As described above, the vehicle air conditioner 1 of
the present embodiment selectively switches (i) the cooling
operation mode cooling a passenger compartment, (ii) the
heating operation mode heating the passenger compartment,
and (iii) the dehumidification and heating mode dehumidify-
ing and heating the passenger, compartment. An operation in
each operation mode will be described.

(a) Cooling Operation Mode

The cooling operation mode is started when the cooling
operation mode is set by the mode selecting switch in a
condition that an operation switch of the control panel is on.
In the cooling operation mode, the air conditioning controller
40 (i) operates the high-stage-side expansion valve 13 to be
fully open, (ii) moves the integration valve member 29 so that
the stepping motor 28 of the integration valve 14c¢ closes the
separated vapor-phase refrigerant outlet hole 1424, (iii) partly
closes the cooling expansion valve 22 to exert a decompres-
sion action, and (iv) closes the bypass passage switching
valve 27.

Accordingly, as shown in FIG. 5, the integration valve
member 29 opens the separated liquid-phase refrigerant out-
lethole 141¢ and closes the separated vapor-phase refrigerant
outlet hole 1424 in the integration valve 14, and the heat pump
cycle 10 sets a refrigerant cycle in which refrigerant flows as
shown by solid arrows in FIG. 1.

In the above configuration of the refrigerant cycle, the air
conditioning controller 40 reads detection signals of the sen-
sor group 41 for air conditioning control and operation sig-
nals of the operation panel. A target air temperature TAO,
which is a target temperature of air to be blown into a pas-
senger compartment, is calculated based on the detection
signals and the operation signals. Furthermore, the air condi-
tioning controller 40 determines operation states of various
air conditioning control device connected to the output side of
the air conditioning controller 40 based on the calculated
target air temperature TAO and detection signals ofthe sensor
group 41.

For example, a refrigerant discharge ability of the compres-
sor 11, in other words, control signals fed into the electric
motor of the compressor 11, is determined as following
description. Based on the target air temperature TAO, a target
evaporator air temperature TEO which is a temperature of air
from an air outlet of the interior evaporator 23 is determined
using a control map memorized at the air conditioning con-
troller 40.

Control signals, which is output to the electric motor of the
compressor 11, are determined based on a deviation between
the target evaporator air temperature TEO and a temperature
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ofair at the outlet of the interior evaporator 23, detected by the
evaporator temperature sensor, so that a temperature of air
blown from the interior evaporator 23 approaches to the target
evaporator air temperature TEO, by using a feedback control.

Control signals output to the cooling expansion valve 22 is
determined so that a supercooling degree of refrigerant flow-
ing into the cooling expansion valve 22 approaches to a target
supercooling degree. The target supercooling degree is pre-
determined such that the COP approaches generally to a
maximum value. Control signals output to the servo motor of
the air mix door 34 is determined so that the air mix door 34
closes the air passage of the interior condenser 12, and that all
amount of blowing air after passing through the interior
evaporator 23 passes through the bypass passage 35.

Control signals or the like determined in a manner
described above are output to the various air conditioning
control devices. Subsequently, a control routine, for example,
(1) reading the detection signals and the operation signals, (ii)
calculating the target air temperature TAO, (iii) determining
each operation state of the various of air conditioning control
devices, (iv) outputting the control voltage and the control
signal, and the like, is repeated until a predetermined period
when an operation of the vehicle air conditioner is required to
be stopped via the control panel. A repeat of such a control
routine is similarly performed in other operation modes.

Therefore, in the cooling operation mode of the heat pump
cycle 10, high-pressure refrigerant discharged from the dis-
charge port 11c of the compressor 11 (the pointa, , in FIG. 11)
flows into the interior condenser 12. In the cooling operation
mode, the air mix door 34 closes the air passage of the interior
condenser 12, and refrigerant flowing into the interior con-
denser 12 flows out through the interior condenser 12 so as to
radiate little heat to air blown to the passenger compartment.

The high-stage-side expansion valve 13 is fully open, and
refrigerant flowing out of the interior condenser 12 passes
through the high-stage-side expansion valve 13 without being
decompressed. The refrigerant flows into the vapor-liquid
separating space 1415 via the refrigerant inlet port 141a of the
integration valve 14.

Refrigerant flowing into the integration valve 14 is vapor-
phase refrigerant having a superheating degree, and the
vapor-phase refrigerant flows into the liquid-phase refriger-
ant passage 1414 without being separated into vapor-phase
and liquid-phase in the vapor-liquid separating space 1415 of
the integration valve 14. Further, because the integration
valve member 29 is positioned to open the separated liquid-
phase refrigerant outlet hole 141¢, the vapor-phase refriger-
ant flowing into the liquid-phase refrigerant passage 1414
flows out of the liquid-phase refrigerant outlet port 141e
generally without being decompressed at the fixed throttle 17.

That is, refrigerant flowing into the integration valve 14
flows out through the liquid-phase refrigerant outlet port 141e
generally without causing pressure loss. On this occasion, the
integration valve member 29 closes the separated vapor-
phase refrigerant outlet hole 142d, and refrigerant does not
flow out from the separated vapor-phase refrigerant outlet
port 142aq.

Vapor-phase refrigerant flowing out of the liquid-phase
refrigerant outlet port 141e of the integration valve 14 flows
into the exterior heat exchanger 20. Refrigerant flowing into
the exterior heat exchanger 20 radiates heat by exchanging
heat with outside air blown by the blower 21 (from the point
a,; to the point b, in FIG. 11). Since the bypass passage
switching valve 27 is in a closed state, refrigerant flowing out
of the exterior heat exchanger 20 flows into the cooling
expansion valve 22 being slightly open and is decompressed
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and expanded isoenthalpially to be low-pressure refrigerant
(the point by, to the point ¢, in FIG. 11).

Low-pressure refrigerant decompressed at the cooling
expansion valve 22 flows into the interior evaporator 23,
absorbs heat from air blown toward the passenger compart-
ment, which is blown by the blower 32, and evaporates (the
point ¢, to the point d,, in FIG. 11). Accordingly, air blown
toward the passenger compartment is cooled.

Refrigerant flowing out of the interior evaporator 23 is
separated into vapor-phase refrigerant and liquid-phase
refrigerant in the accumulator 24. separated vapor-phase
refrigerant is drawn to the suction port 11a of the compressor
11 (the point e,, in FIG. 11) and decompressed again in a
following order of the low-stage-side compression mecha-
nism and high-stage-side compression mechanism (in a fol-
lowing order of the point e, ;, the point al, |, the point a;, in
FIG. 11). On the other hand, separated liquid-phase refriger-
ant is stored in the accumulator 24 as an excess refrigerant
which is unnecessary for a cycle to perform a required refrig-
eration capacity.

As shown in FIG. 11, the point d,, is different from the
point e, due to (i) a pressure loss caused to vapor-phase
refrigerant passing through a refrigerant pipe extending from
the accumulator 24 to the suction port 11a of the compressor
11 and (ii) a heat-absorbed amount, which is a heat amount of
vapor-phase refrigerant absorbing heat from outside (i.e.,
outside air). Therefore, in an ideal cycle, the point d,, is
preferably coincide with the point e, ,. This matter is similar
to a Mollier diagram in a following description.

As described above, in the cooling operation mode, since
the air passage of the interior compressor 12 is closed by the
air mix door 34, air cooled at the interior evaporator 23 can be
blown into the passenger compartment. Accordingly, a cool-
ing operation of the passenger compartment can be exerted.

(b) Heating Operation Mode

The heating operation mode will be described below. As
described above, in the heat pump cycle 10 of the present
embodiment, the first heating mode or the second heating
mode can be performed as the heating operation mode. The
heating operation mode is started when the heating operation
mode is selected by using the mode selecting switch in a
condition that the operation switch of the vehicle air condi-
tioner is on.

When the heating operation mode is operated, the air con-
ditioning controller 40 reads detection signals from the sensor
group 41 for air conditioning control and operation signals
from the operation panel, and determines refrigerant dis-
charging capacity (i.e., a rotation speed) of the compressor
11. In addition, the air conditioning controller 40 operates the
first heating mode or the second heating mode based on the
determined rotation speed.

(b-1) First Heating Mode

The first heating mode will be described below. When the
first heating mode is operated, the air conditioning controller
40 controls (i) the high-stage-side expansion valve 13 to be
slightly open, (ii) the integration valve member 29 to be
moved to a position where the stepping motor 28 closes the
separated liquid-phase refrigerant outlet hole 141¢, (iii) the
cooling expansion valve 22 to be fully closed, and (iv) the
bypass passage switching valve 27 to be closed.

Accordingly, in the integration valve 14 shown in FIG. 4,
the integration valve member 29 is positioned to open the
separated vapor-phase refrigerant outlet hole 1424 and to
close the separated liquid-phase refrigerant outlet hole 141c¢,
and the heat pump cycle 10 is set to a refrigerant flow passage
in which refrigerant flows as shown in FIG. 2 with solid
arrows.
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In a configuration of the refrigerant flow passage (i.e., a
configuration of a cycle), similar to a case of the cooling
operation mode, the air conditioning controller 40 (i) reads
detection signals detected by the sensor group 41 for air
conditioning and operation signals from the operation panel
and (ii) determines operation states of the various air control
devices electrically connect to the output side of the air con-
ditioning controller 40 based on the target air temperature
TAO and the detection signals of the sensor group.

In the first heating mode, control signals fed into the high-
stage-side expansion valve 13 is determined so that a pressure
of refrigerant at the interior condenser 12 becomes a prede-
termined target high pressure, or that a supercooling degree of
refrigerant flowing out of the interior condenser 12 becomes
a predetermined target supercooling degree. Control signals
fed into the servo motor of the air mix door 34 is determined
so that the air mix door 34 is positioned to close the bypass
passage 35 and that all volume of blowing air after passing
through the interior evaporator 23 passes through the interior
condenser 12.

Therefore, in the first heating mode of the heat pump cycle
10, as shown in a Mollier diagram in FIG. 12, high-pressure
refrigerant discharged from the discharge port 11c¢ of the
compressor 11 (the point a,, in FIG. 12) flows into the interior
condenser 12. Refrigerant flowing into the interior condenser
12 radiates heat by exchanging heat with air blown toward the
passenger compartment, which is blown from the blower 32
and passes through the interior evaporator 23 (the point a,, to
a point b, in FIG. 12). Accordingly, air blown toward the
passenger compartment is heated.

Refrigerant flowing out of the interior condenser 12 is
decompressed isoenthalpially at the high-stage-side expan-
sion valve 13 being slightly opened to be intermediate-pres-
sure refrigerant (the point b, to the point cl,, in FIG. 12).
The intermediate-pressure refrigerant decompressed at the
high-stage-side expansion valve 13 flows into the vapor-lig-
uid separating space 14156 from the vapor-phase refrigerant
outlet port 142a of the integration valve 14 and separated into
vapor-phase refrigerant and liquid-phase refrigerant (from
the point c1, , to the point ¢2, ,, and from the point c1,, to the
point c3,, in FIG. 12).

Because the integration valve member 29 is positioned to
close the separated liquid-phase refrigerant outlet hole 141c¢,
the liquid-phase refrigerant separated in the vapor-liquid
separating space 1415 is decompressed and expanded
isoenthalpially at the fixed throttle 17 to be low-pressure
refrigerant (the point ¢3,, to the point c4,, in FIG. 12) and
flows out through the liquid-phase refrigerant outlet port
141e.

The integration valve member 29 is positioned to open the
separated vapor-phase refrigerant outlet hole 142d. There-
fore, the vapor-phase refrigerant separated in the vapor-liquid
separating space 1415 flows out through the vapor-phase
refrigerant outlet port 142a of the integration valve 14 into a
side of the compressor 11 adjacent to the intermediate-pres-
sure port 115 (the point c¢2 |, in FIG. 12).

Refrigerant flowing into the intermediate-pressure port
115 is mixed with refrigerant discharged from the low-pres-
sure-side compression mechanism (the point al, , in FIG. 12),
and the mixed refrigerant is drawn into the high-stage-side
compression mechanism (the point a2,, in FIG. 12). On the
other hand, refrigerant flowing out of the liquid-phase refrig-
erant outlet port 141e of the integration valve 14 via the fixed
throttle 17 flows into the exterior heat exchanger 20 and
absorbs heat by exchange heat with outside air blown by the
blower 21 (the point c4, to the point d, , in FIG. 12).
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Refrigerant flowing out of the exterior heat exchanger 20
flows into the accumulator 24 via the expansion-valve bypass
passage 25 and is separated into the vapor-phase refrigerant
and liquid-phase refrigerant because the bypass passage
switching valve 27 is in an open state. The separated vapor-
phase refrigerant drawn into the suction port 11a of the com-
pressor 11 (the point e,, in FIG. 12) and is decompressed
again. On the other hand, the separated liquid-phase refriger-
ant is stored in the accumulator 24 as an excess refrigerant,
which is unnecessary for the cycle to perform a required
refrigerant capacity.

As described above, in the first heating mode, heat of
refrigerant discharged from the compressor 11 is radiated to
blowing air, which is blown into the passenger compartment,
at the interior condenser 12, and the heated blowing air is
blown into the passenger compartment. Accordingly, a heat-
ing operation of the passenger compartment can be exerted.

Further, in the first heating mode, a gas injection cycle (i.e.,
an economizer refrigerant cycle) can be configured. In the gas
injection cycle, low-pressure refrigerant decompressed at the
fixed throttle 17 is drawn from the suction port 11a of the
compressor 11, and intermediate-pressure refrigerant decom-
pressed at the high-stage-side expansion valve 13 flows into
the intermediate-pressure port 115 and is mixed with refrig-
erant being compressed.

Thus, the mixed refrigerant of which temperature is low
can be drawn in the high-stage-side compression mechanism.
Therefore, a pressure difference between a pressure of drawn
refrigerant and a pressure of discharged refrigerant is
decreased in both the high-stage-side compression mecha-
nism and the low-stage-side compression mechanism such
that a compression efficiency of the high-stage-side compres-
sion mechanism is improved, and both the compression effi-
ciency of the high-stage-side compression mechanism and a
compression efficiency of the low-stage-side compression
mechanism can be improved. Accordingly, COP in whole of
the heat pump cycle 10 can be improved.

(b-2) Second Heating Mode

The second heating mode will be described below. When
the second heating mode is operated, the air conditioning
controller 40 controls (i) the high-stage-side expansion valve
13 to be slightly open, (ii) the integration valve member 29 to
be positioned such that the stepping motor 28 of the integra-
tion valve 14 closes the separated vapor-phase refrigerant
outlet hole 1424, (iii) the cooling expansion valve 22 to be
fully closed, and (iv) the bypass passage switching valve 27 to
be open. Accordingly, similar to the cooling operation mode,
the integration valve 14 is in a state shown in FIG. 5, and the
heat pump cycle 10 is set to a refrigerant flow passage in
which refrigerant flows as shown by solid arrows in FIG. 3.

In a configuration of the refrigerant flow passage (i.e., a
configuration of the cycle), similar to the cooling operation
mode, the air conditioning controller 40 (i) reads a detection
signals of the sensor group 41 for air conditioning and an
operation signals from the operation panel and (ii) determines
operation states of the various air conditioning control
devices connected to the output side of the air conditioning
controller 40 based on the target air temperature TAO and the
detection signals of the sensor group.

In the second heating mode, control signals fed into the
high-stage-side expansion valve 13 is determined so that a
refrigerant pressure at the interior condenser 12 becomes a
predetermined target high-pressure, or that a supercooling
degree of refrigerant flowing out of the interior condenser 12
becomes a predetermined target supercooling degree. Control
signals fed into the servo motor of the air mix door 34 is
determined so that the air mix door 34 closes the bypass
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passage 35, and that all volume of blowing air after passing
the interior evaporator 23 passes through the interior con-
denser 12.

Therefore, in the second heating mode of the heat pump
cycle 10, as shown in a Mollier diagram of FIG. 13, high-
pressure refrigerant discharged from the discharge port 11¢ of
the compressor 11 (the point a, ; in FIG. 13) flows into the
interior condenser 12, and similar to a case in the first heating
mode, radiates heat to air blown toward the passenger com-
partment, by exchanging heat (from the point a, 5 to the point
b,; in FIG. 13). Accordingly, air blown toward the passenger
compartment is heated.

Refrigerant flowing out of the interior condenser 12 is
decompressed and expanded isoenthalpially at the high-
stage-side expansion valve 13, which is slightly open, to be
low-pressure refrigerant (from the point b ; to the pointc, 5 in
FIG. 13) and flows into the vapor-liquid separating space
14154 of the integration valve 14. Refrigerant flowing into the
vapor-liquid separating space 1415 flows out through the
liquid-phase refrigerant outlet port 141e without flowing out
of the vapor-phase refrigerant outlet port 142a and without
being decompressed, similar to a case in the cooling operation
mode.

Low-pressure refrigerant flowing out of the liquid-phase
refrigerant outlet port 141e flows into the exterior heat
exchanger 20 and absorbs heat from outside air blown from
the blower 21 by exchange heat (from the point ¢, ; to the point
d,; in FIG. 13). Refrigerant flowing out of the exterior heat
exchanger 20 flows into the accumulator 24 via the expansion
valve bypass passage 25 because an open state of the bypass
passage switching valve 27 is in an open state, and is being
separated into vapor-phase refrigerant and liquid-phase
refrigerant in the accumulator 24. The separated vapor-phase
refrigerant is drawn into the suction port 11a of the compres-
sor 11 (the point e, 5 in FIG. 13).

As described above, in the second heating mode, heat of
refrigerant discharged from the compressor 11 is radiated to
air blown toward the passenger compartment at the interior
condenser 12, and the heated blowing air can be blown into
the passenger compartment. Accordingly, a heating operation
of the passenger compartment can be exerted.

An effect of operating the second heating mode, in a con-
dition that a heating load is relatively low relative to the first
heating mode, for example, a condition that outside tempera-
ture is high, will be described. In the first heating mode, as
described above, the gas injection cycle can be configured,
and COP in the whole of the heat pump cycle 10 can be
improved.

That is, theoretically, as long as a rotation speed of the
compressor 11 is fixed, the first heating mode can perform
with a higher heating capacity than that of the second heating
mode. In other words, a rotation speed (i.e., a refrigerant
discharging capacity) of the compressor 11, which is required
to perform the same heating capacity, in the first heating mode
is lower than a rotation speed of the compressor 11 in the
second heating mode.

However, in a compression mechanism, there is a rotation
speed for maximum efficiency at which a compression effi-
ciency is maximum (i.e., a compression efficiency reaches a
peak). When a rotation speed is lower than the rotation speed
for maximum efficiency, the compression efficiency is greatly
reduced. Therefore, when the compressor 11 is operated with
a rotation speed which is lower than the rotation speed for
maximum efficiency in a condition that a heating load is
relatively low, COP may rather be reduced in the first heating
mode.
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According to the present embodiment, the rotation speed
for maximum efficiency is determined as a standard rotation
speed. When the rotation speed of the compressor 11 is lower
than the standard rotation speed in the first heating mode, the
first heating mode is switched to the second heating mode.
When the rotation speed of the compressor 11 exceeds a sum
rotation speed of the target rotation speed and a predeter-
mined rotation speed in the second heating mode, the second
heating mode is switched to the first heating mode.

Accordingly, one of the first heating mode and the second
heating mode can be set to perform higher COP. Therefore,
when the rotation speed of the compressor 11 is lower than the
standard rotation speed in the first heating mode, COP in the
whole of the heat pump cycle 10 can be improved by switch-
ing the first heating mode to the second heating mode.

(¢) Dehumidification and Heating Operation Mode

The dehumidification and heating operation mode will be
described. The dehumidification and heating operation mode
is operated when a setting temperature set by a passenger-
compartment temperature setting switch is higher than out-
side temperature in the cooling operation mode.

When the dehumidification and heating operation mode is
set, the air conditioning controller 40 controls (i) the high-
stage-side expansion valve 13 to be fully open or slightly
open, (ii) the integration valve member 29 to be moved so that
the stepping motor 28 of the integration valve 14 is operated
to close the separated vapor-phase refrigerant outlet hole
1424, (iii) the cooling expansion valve 22 to be fully open or
slightly open, and (iv) the bypass passage switching valve 27
to be closed. Accordingly, the heat pump cycle 10 is switched
to a refrigerant flow passage in which refrigerant flows as
shown with solid arrows in FIG. 1 as the same as the cooling
operation mode.

In a configuration of the refrigerant flow passage (i.e., a
configuration of the cycle), the air conditioning controller 40
(1) reads detection signals of the sensor group 41 for air
conditioning and operation signals from the operation panel
and (ii) determines operation states of the various air condi-
tioning control devices connected to the output side of the air
conditioning controller 40 based on the target air temperature
TAO and the detection signals of the sensor group.

For example, control signals fed into the servo motor of the
air mix door 34 is determined so that the air mix door 34
closes the bypass passage 35, and that all volume of blowing
air after passing through the interior evaporator 23 passes
through the interior condenser 12. Further, in the dehumidi-
fication and heating mode of the present embodiment, an
opening degree of the high-stage-side expansion valve 13 and
an opening degree of the cooling expansion valve 22 are
changed depend on a temperature difference between the
setting temperature and outside temperature. Specifically, in
association with increasing the target air temperature TAO,
four stages of the dehumidification and heating mode, from a
first to fourth dehumidification and heating modes, are oper-
ated.

(c-1) First Dehumidification and Heating Mode

In the first dehumidification and heating mode, the high-
stage-side expansion valve 13 is fully closed, and the cooling
expansion valve 22 is slightly open. In the first dehumidifi-
cation and heating mode, although a configuration of the
cycle (i.e., a configuration of the refrigerant flow passage) is
the same as the cycle of the cooling operation mode, the air
mix door 34 is adjusted so that the air passage of the interior
condenser 12 is fully open. Accordingly, a state of refrigerant
circulating in the cycle is varied as shown in a Mollier dia-
gram in FIG. 14.
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That is, as shown in FIG. 14, high-pressure refrigerant
discharged from the discharge port 11¢ of the compressor 11
(the point a,, in FIG. 14) flows into the interior condenser 12
and radiates heat by exchanging heat with air blown toward
the passenger compartment and having been cooled and
dehumidified at the interior evaporator 23 (from the pointa, ,
to the point b1, , in FIG. 14). Accordingly, air blown toward
the passenger compartment is heated at the interior condenser
12.

As the same as the cooling operation mode, refrigerant
flowing out of the interior condenser 12 flows into the exterior
heat exchanger 20 via the high-stage-side expansion valve 13
and the integration valve 14, in this order. High-pressure
refrigerant flowing into the exterior heat exchanger 20 further
radiates heat by exchanging heat with outside air blown from
the blower 21 (from the point b1, , to the point b2, , in FIG.
14). A following operation is the same as the cooling opera-
tion mode.

As described above, in the first dehumidification and heat-
ing mode, air blown toward the passenger compartment,
which is cooled and dehumidified at the interior evaporator
23, can be heated at the interior condenser 12 and blown into
the passenger compartment. Therefore, a dehumidification
and heating operation of the passenger compartment can be
exerted.

(c-2) Second Dehumidification and Heating Mode

When the target air temperature TAO exceeds a first stan-
dard temperature, which is predetermined, in the first dehu-
midification and heating mode, the second dehumidification
and heating mode is switched for the first dehumidification
and heating mode. In the second dehumidification and heat-
ing mode, the high-stage-side expansion valve 13 is slightly
open, and the cooling expansion valve 22 in a throttle state in
which an opening degree of the cooling expansion valve 22 is
larger than an opening degree of the cooling expansion valve
22 in the first dehumidification and heating mode. Therefore,
in the second dehumidification and heating mode, a state of
refrigerant circulating the cycle is changed as shown in a
Mollier diagram in FIG. 15.

That is, as shown in FIG. 15, high-pressure refrigerant
discharged from the discharge port 11¢ of the compressor 11
(a point a, 5 in FIG. 15) flows into the interior condenser 12
and radiates heat by exchanging heat with air blown toward
the passenger compartment, which is cooled and dehumidi-
fied at the interior evaporator 23, similar to the first dehumidi-
fication and heating mode (from the point a, 5 to a point bl 5
in FIG. 15). Therefore, air blown toward the passenger com-
partment is heated at the interior condenser 12.

Refrigerant flowing out of the interior condenser 12 is
decompressed isoenthalpially to be intermediate-pressure
refrigerant, of which temperature is higher than outside tem-
perature, at the high-stage-side expansion valve 13 being
slightly open (from the point b1, to the point b2, in FIG.
15). The intermediate-pressure refrigerant decompressed at
the high-stage-side expansion valve 13 flows into the exterior
heat exchanger 20 via the integration valve 14, similar to the
cooling operation mode.

The intermediate-pressure refrigerant flowing into the
exterior heat exchanger 20 radiates heat by exchanging heat
with outside air blown from the blower 21 (from the point
b2, to the point b3, 5 in FIG. 15). A following operation is the
same as the cooling operation mode.

As described above, in the second dehumidification and
heating mode, air blown toward the passenger compartment,
which has been cooled and dehumidified at the interior evapo-
rator 23, can be heated at the interior condenser 12 and blown
into the passenger compartment, similar to the first dehumidi-
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fication and heating mode. Therefore, a dehumidification and
heating operation of the passenger compartment can be
exerted.

Inthe second dehumidification and heating mode, the high-
stage-side expansion valve 13 is slightly open, and tempera-
ture of refrigerant flowing into the exterior heat exchanger 20
can be lower than that of the first dehumidification and heat-
ing mode. Therefore, a temperature difference between a
temperature of refrigerant at the exterior heat exchanger 20
and outside temperature is decreased, and a radiated heat
amount of refrigerant at the exterior heat exchanger 20 can be
reduced.

Accordingly, in comparison to the first dehumidification
and heating mode, a refrigerant pressure at the interior con-
denser 12 can be increased without increasing a flow amount
of refrigerant circulating in the cycle, and a temperature of air
blown from the interior condenser 12 can be increased greater
than the first dehumidification and heating mode.

(c-3) Third Dehumidification and Heating Mode

The third dehumidification and heating mode is operated
when the target air temperature TAO is higher than a second
standard temperature, which is predetermined, in the second
dehumidification and heating mode. In the third dehumidifi-
cation and heating mode, an opening degree of the high-
stage-side expansion valve 13 is smaller than that of the
second dehumidification and heating mode, and an opening
degree of the cooling expansion valve 22 is larger than that of
the second dehumidification and heating mode. Therefore, a
state of refrigerant circulating the cycle is changed as shown
in a Mollier diagram in FIG. 16 in the third dehumidification
and heating mode.

That is, as shown in FIG. 16, high-pressure refrigerant
discharged from the discharge port 11¢ of the compressor 11
(the point a, 4 in FIG. 16) flows into the interior condenser 12
and radiates heat by exchanging heat with air blown toward
the passenger compartment, which is cooled and dehumidi-
fied at the interior evaporator 23, (from the point a, 4 to the
point b,s in FIG. 16), similar to the first and the second
dehumidification and heating modes. Therefore, air blown
toward the passenger compartment is heated at the interior
condenser 12.

Refrigerant flowing out of the interior condenser 12 is
decompressed isoenthalpially to be intermediate-pressure
refrigerant, of which temperature is lower than outside tem-
perature, at the high-stage-side expansion valve 13 being
slightly open (from the point b, ; to the point c1, ; in FIG. 16).
The intermediate-pressure refrigerant decompressed at the
high-stage-side expansion valve 13 flows into the exterior
heat exchanger 20 via the integration valve 14, similar to the
cooling operation mode.

The intermediate-pressure refrigerant flowing into the
exterior heat exchanger 20 absorbs heat from outside air
blown from the blower 21 by exchanging heat (from the point
cl, s to the point 2, in FIG. 16). Further, refrigerant flowing
out of the exterior heat exchanger 20 is decompressed
isoenthalpially at the cooling expansion valve 22 (from the
point ¢2,, to the point ¢34 in FIG. 16) and flows into the
interior evaporator 23. A following operation is the same as
the cooling operation mode.

As described above, in the third dehumidification and heat-
ing mode, air blown toward the passenger compartment,
which is cooled and dehumidified at the interior evaporator
23, can be heated at the interior condenser 12 and blown into
the passenger compartment, similar to the first and the second
dehumidification and heating mode. Therefore, a dehumidi-
fication and heating operation of the passenger compartment
can be exerted.
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In the third dehumidification and heating mode, an opening
degree of the high-stage-side expansion valve 13 is decreased
such that the exterior heat exchanger 20 works as an evapo-
rator. Therefore, in comparison to the second dehumidifica-
tion and heating mode, an absorbed heat amount of refriger-
ant absorbing heat at the exterior heat exchanger 20 can be
increased.

Accordingly, in comparison to the second dehumidifica-
tion and heating mode, (i) a density of refrigerant drawn into
the compressor 11 can be increased, (ii) a refrigerant pressure
at the interior condenser 12 can be increased without increas-
ing a rotation speed of the compressor 11, and (iii) tempera-
ture of air blown from the interior condenser 12 can be
increased greater than the second dehumidification and heat-
ing mode.

(c-4) Fourth Dehumidification and Heating Mode

When the target air temperature TAO exceeds a third stan-
dard temperature, which is predetermined, in the third dehu-
midification and heating mode, the fourth dehumidification
and heating mode is operated. In the fourth dehumidification
and heating mode, an opening degree of the high-stage-side
expansion valve 13 is smaller than that of the third dehumidi-
fication and heating mode, and the cooling expansion valve
22 is in a full-open state. Therefore, in the fourth dehumidi-
fication and heating mode, a state of refrigerant circulating in
the cycle is changed as shown in a Mollier diagram in FIG. 17.

That is, as shown in FIG. 17, high-pressure refrigerant
discharged from the discharge port 11¢ of the compressor 11
(the point a, , in FIG. 17) flows into the interior condenser 12
and radiates heat by exchanging heat with air blown toward
the passenger compartment, which is cooled and dehumidi-
fied at the interior evaporator 23, (from the point a, , the point
b,, in FIG. 17), similar to the first and the second dehumidi-
fication and heating mode. Therefore, blown air for the pas-
senger compartment is heated at the interior condenser 12.

Refrigerant flowing out of the interior condenser 12 is
decompressed isoenthalpially to be low-pressure refrigerant,
of which temperature is lower than outside air, at the high-
stage-side expansion valve 13 being slightly open (from the
point b, to the point c1,, in FIG. 17). The low-pressure
refrigerant decompressed at the high-stage-side expansion
valve 13 flows into the exterior heat exchanger 20 via the
integration valve 14, similar to the cooling operation mode.

The low-pressure refrigerant flowing into the exterior heat
exchanger 20 absorbs heat from outside air blown from the
blower 21 by exchanging heat (from the point c1, , to the point
c2,,1in FIG. 17). Further, the cooling expansion valve 22 is in
a full-open state, and refrigerant flowing out of the exterior
heat exchanger 20 flows into the interior evaporator 23 with-
outbeing decompressed. A following operation is the same as
the cooling operation mode.

As described above, in the fourth dehumidification and
heating mode, air blown toward the passenger compartment,
which is cooled and dehumidified at the interior evaporator
23, can be heated at the interior condenser 12 and blown into
the passenger compartment, as the same as the first, the sec-
ond, and the third dehumidification and heating modes.
Therefore, a dehumidification and heating of the passenger
compartment can be exerted.

In the fourth dehumidification and heating mode, as the
same as the third dehumidification and heating mode, the
exterior heat exchanger 20 works as an evaporator, and an
opening degree of the high-stage-side expansion valve 13 is
smaller than that of the third dehumidification and heating
mode. Accordingly, evaporating temperature of refrigerant at
the exterior heat exchanger 20 can be decreased. Therefore, a
temperature difference between a temperature of refrigerant
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at the exterior heat exchanger 20 and outside temperature is
bigger than that of the third dehumidification and heating
mode, and an absorbed heat amount absorbed by refrigerant
at the interior condenser 12 can be increased.

Accordingly, in comparison to the third dehumidification
and heating mode, (i) a density of refrigerant drawn into the
compressor 11 can be increased, (ii) a refrigerant pressure at
the interior condenser 12 can be increased without increasing
of a rotation speed of the compressor 11, and (iii) a tempera-
ture of air blown from the interior condenser 12 can be higher
than that of the third dehumidification and heating mode.

According to the vehicle air conditioner 1 of the present
embodiment, as described above, a refrigerant flow passage
of'the heat pump cycle 10 is switched so that various configu-
rations of cycles are implemented to exert appropriate cool-
ing, heating, and dehumidification and heating of the passen-
ger compartment.

Further, the vehicle air conditioner 1 of the present embodi-
ment usable for an electric vehicle cannot use waste heat for
heating a passenger compartment in a vehicle mounting an
internal combustion engine (i.e., an engine). Therefore, the
heat pump cycle 10 of the present embodiment is extremely
effective for a case operated with a high COP regardless of a
heating load in the hating operation mode.

According to the present embodiment, the integration
valve 14 is used, and in the integration valve, parts of neces-
sary components, which are necessary for the heat pump
cycle 10 to be used as a gas injection cycle, are configured
integrally. Therefore, a configuration of the heat pump cycle
configuring the gas injection cycle can be simple. Accord-
ingly, a mountability of the heat pump cycle in a target object
can be improved.

According to the present embodiment, the single integra-
tion valve 14 performs (i) separation of intermediate-pressure
refrigerant into vapor-phase and liquid-phase, (ii) opening or
closing of the liquid-phase refrigerant passage 1414 and the
vapor-phase refrigerant passage 1425, and (iii) decompres-
sion of liquid-phase refrigerant.

Further, according to the integration valve 14 of the present
embodiment, when the integration valve member 29 opens
one of the vapor-phase refrigerant passage 14256 and the lig-
uid-phase refrigerant passage 141d, another one thereof can
be closed. The integration valve member 29 can selectively
close or open the vapor-phase refrigerant passage 1426 and
the liquid-phase refrigerant passage 141d. Furthermore, by
just displacing the integration valve member 29 using the
stepping motor 28, a refrigerant circuit in the cycle can be
switched to a refrigerant circuit working as a gas injection
cycle.

Accordingly, the liquid-phase refrigerant passage 141d
and the vapor-phase refrigerant passage 1425 can be selec-
tively open or closed by a single valve body without disposing
a valve body to each of the liquid-phase refrigerant passage
141d and the vapor-phase refrigerant passage 1425. There-
fore, an inner structure of the integration valve 14 can be
simplified, and a configuration of the heat pump cycle work-
ing as the gas injection cycle can be simplified.

Thus, with respect to a well-known switchable-type heat
pump cycle in which refrigerant flow passages are switched,
shown in FIG. 18, a heat pump cycle working at least as a gas
injection cycle can be configured easily by (i) changing a
compressor 11' shown in FIG. 18 to a two-stage-compres-
sion-type compressor, (ii) disposing the integration valve 14
of'the present embodiment at a part surrounding with a dashed
line, and (iii) connecting the vapor-phase refrigerant outlet
port 142a of the integration valve 14 and the intermediate-
pressure port 115 with each other.
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More specifically, when the integration valve member 29
opens the liquid-phase refrigerant passage 141d, a cycle con-
figuration is set such that at least one of the interior condenser
12 and the exterior heat exchanger 20 works as a radiator at
which refrigerant radiates heat, and the interior evaporator 23
works as an evaporator at which refrigerant is evaporated.

On the other hand, when the integration valve member 29
closes the liquid-phase refrigerant passage 141d, a heat pump
cycle can be easily switched to a gas injection cycle in which
the interior condenser 12 works as a radiator at which refrig-
erant radiates heat, and the interior evaporator 23 works as an
evaporator at which refrigerant is evaporated.

The heat pump cycle 10 in FIG. 18 is an example of a
well-known heat pump cycle, in which (i) the interior con-
denser 12 and the exterior heat exchanger 20 work as radia-
tors, and the interior evaporator 23 works as an evaporator
when the bypass passage switching valve 27 is in a closed
state, or (i1) a configuration in which the interior condenser 12
works as a radiator, and the exterior heat exchanger 20 work
as an evaporator when the bypass passage switching valve 27
is in an open state.

In FIG. 18, parts that correspond to or equal to the compo-
nents described in the present embodiment are assigned with
the same reference numbers. This term is similar to other
drawings, as well. Further, in FIG. 18, illustrations of the air
conditioning controller 40 and a power wiring, a signal wir-
ing, or the like electrically connecting the air conditioning
controller 40 and various components are omitted, for illus-
trating clarification.

According to the integration valve 14 of the present
embodiment, the vapor-liquid separating space 1415 config-
ures a centrifugal vapor-liquid separating part. Accordingly,
in comparison to a configuration in which a vapor-liquid
separating performance is exerted using an effect such as
gravity, surface tension, or the like, the integration valve 14
exerts a high vapor-liquid separating performance. In this
case, a space for the vapor-liquid separating space 14156 can
be saved, and a whole size of the integration valve can be
downsized. Alternatively, a vapor-liquid separating can be
performed in the integration valve 14 by using an effect such
as gravity, surface tension, or the like, depending on a
required vapor-liquid separating performance.

Moreover, the liquid-phase refrigerant passage 1414 and
the fixed throttle 17 are positioned downward of the separated
vapor-phase refrigerant outlet hole 1424, and the vapor-phase
refrigerant passage 1425 is positioned upward of the sepa-
rated vapor-phase refrigerant outlet hole 142d. Therefore,
liquid-phase refrigerant separated in the vapor-liquid separat-
ing space 1415 by using gravity is guided securely to a side of
the liquid phase refrigerant passage 141d and a side of the
fixed throttle 17, and separated vapor-phase refrigerant is
guided securely to a side of the vapor-phase refrigerant pas-
sage 1425.

In addition, according to the integration valve 14 of the
present embodiment, the refrigerant introducing hole 141g is
an oblong hole. The oblong hole extends in an axial direction
of the vapor-liquid separating space 1415 and is open at the
position far from the one end of the separated vapor-phase
refrigerant outlet pipe 142¢ in the longitudinal direction and
is closer to the other end of the separated vapor-phase refrig-
erant outlet pipe 142¢ in the longitudinal direction.

Accordingly, a diffusion of refrigerant in a radial-inward
direction of the vapor-liquid separating space 1415 is
restricted while an approach zone for refrigerant in the vapor-
liquid separating space 1415 is secured, and refrigerant can
flow along the radial-outer wall surface of the vapor-liquid
separating space 1415. Therefore, centrifugal force effec-
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tively acts to refrigerant flowing into the vapor-liquid sepa-
rating space 14154, and a vapor-liquid separating efficiency in
the integration valve 14 can be improved. Thus, a space for the
vapor-liquid separating space 1415 can be saved, and the
whole size of the integration valve 14 can be downsized.
Accordingly, whole size of the heat pump cycle 10 can be
downsized, and mountability of the heat pump cycle in a
target object can be improved.

According to the present embodiment, the integration
valve member 29 is positioned between the separated vapor-
phase refrigerant outlet hole 1424 located in the separating
space A2 and the separated liquid-phase refrigerant outlet
hole 141c¢ located in the storing space A3, and is made of a
discoid-shaped member having an inside diameter which is
larger than an inside diameter of the separated liquid-phase
refrigerant outlet hole 141c¢.

Therefore, the integration valve member 29 restricts lig-
uid-phase refrigerant from diffusing from a side of the sepa-
rated liquid-phase refrigerant outlet hole 141¢ to a side of the
separated vapor-phase refrigerant outlet hole 142d. Accord-
ingly, a vapor-liquid separating efficiency in the integration
valve 14 can be improved. Thus, a space for the vapor-liquid
separating space 1415 can be saved, and whole size of the
integration valve can be downsized. Accordingly, whole size
of'the heat pump cycle 10 can be downsized, and mountability
of the heat pump cycle in a target object can be improved.

Moreover, according to the integration valve 14 of the
present embodiment, the outside diameter Ds of the integra-
tion valve member 29 is determined in consideration of a
vapor-liquid separating efficiency in the integration valve 14
and the pressure loss AP in side the integration valve 14 due to
the integration valve member 29. Thus, the vapor-liquid sepa-
rating efficiency inside the integration valve 14 can be
improved while a pressure loss due to the integration valve
member 29 can be restricted from being caused.

Furthermore, the body 140 of the integration valve of the
present embodiment has the tubular portion 143 therein, and
the liquid-phase refrigerant passage 1414 and the separated
liquid-phase refrigerant outlet hole 141¢ are provided. The
tubular portion 143 is configured to have a higher heat resis-
tance than surrounding parts.

Accordingly, indirect heat-transferring between liquid-
phase refrigerant decompressed due to displacement of the
integration valve member 29 and refrigerant in the vapor-
liquid separating space 1415 is restricted. Therefore, a
decompression characteristics is restricted from changing
due to displacement of the integration valve member 29.

According to the present embodiment, the shaft 29¢ con-
nected with the movable part of the stepping motor 28
included in the integration valve member 29 is disposed to
pass through inside of the separated vapor-phase refrigerant
outlet pipe 142¢. Therefore, a space for arranging the shaft
29¢ inside the body 140 is not necessary to be provided
separately, and whole size of the integration valve 14 can be
downsized.

Second Embodiment

As shown in cross-sectional views of FIGS. 19 and 20, the
fixed throttle 17 is not used in the present embodiment, but an
integration valve 14 is configured as follows. That is, when
the integration valve member 29 opens the separated vapor-
phase refrigerant outlet hole 142d, the stepping motor 28
operates the integration valve member 29 to slightly open the
separated liquid-phase refrigerant outlet hole 141c¢ so that
liquid-phase refrigerant separated in the vapor-liquid separat-
ing space 1415 is decompressed.
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Specifically, according to the present embodiment, when
the integration valve member 29 opens the separated vapor-
phase refrigerant outlet hole 142d, the stepping motor 28
operates the integration valve member 29 so that a clearance
is provided between the integration valve member 29 and the
separated liquid-phase refrigerant outlet hole 141¢, as shown
in FIG. 19. According to the present embodiment, the clear-
ance provided between the integration valve member 29 and
the separated liquid-phase refrigerant outlet hole 141¢ works
as a throttle for decompressing liquid-phase refrigerant. Fur-
ther, the stepping motor 28 operates the integration valve
member 29 so that quality of refrigerant at upstream of the
clearance, which is provided between the integration valve
member 29 and the separated liquid-phase refrigerant outlet
hole 141¢, is smaller than or equal to 0.1 when the integration
valve member 29 opens the separated vapor-phase refrigerant
outlet hole 1424d.

According to the present embodiment, the stepping motor
28 operates the integration valve member 29 to (i) slightly
open the separated liquid-phase refrigerant outlet hole 141c¢
in the first heating mode described in the first embodiment
and (ii) close the separated vapor-phase refrigerant outlet hole
142d in the cooling operation mode, the dehumidification and
heating operation mode, and the second heating mode
described in the first embodiment.

Other configurations and operations of the vehicle air con-
ditioner 1 is the same as the first embodiment. Therefore,
according to the vehicle air conditioner 1 of the present
embodiment, refrigerant passages of the heat pump cycle 10
are switched as the same as the first embodiment so that
appropriate cooling, heating, and dehumidification and heat-
ing in the passenger vehicle are implemented by implement of
the various cycle configurations.

Further, a single valve body can open or close the liquid-
phase refrigerant passage 1414 and the vapor-phase refriger-
ant passage 1425, and it is unnecessary to dispose a valve
body in each of the liquid-phase refrigerant passage 1414 and
the vapor-phase refrigerant passage 1424 to switch those
passages. Thus, inside configuration of the integration valve
14 can be simplified. Accordingly, a cycle configuration of the
heat pump cycle working as a gas injection cycle can be
simplified.

In addition, when the integration valve member 29 is
moved and opens the vapor-phase refrigerant passage 1425,
liquid-phase refrigerant is decompressed in the clearance pro-
vided between the integration valve member 29 and the lig-
uid-phase refrigerant passage 141d. Therefore, the fixed
throttle 17 described in the first embodiment is unnecessary
and the integration valve 14 is made with a simpler configu-
ration.

Moreover, when the integration valve member 29 is located
to open the vapor-phase refrigerant passage 14254, the step-
ping motor 28 operates the integration valve member 29 to be
displaced so that a pressure difference between in the vapor-
phase refrigerant passage 1425 and in the liquid-phase refrig-
erant passage 1414 can be finely adjusted. For example, the
stepping motor 28 operates the integration valve member 29
to be moved to decrease the clearance such that flow amount
of liquid-phase refrigerant flowing into the liquid-phase
refrigerant passage 141d can be reduced at the clearance
provided between the integration valve member 29 and the
liquid-phase refrigerant passage 141d.

Therefore, a control capacity of the heat pump cycle work-
ing as a gas injection cycle can be improved with the configu-
ration of the present embodiment.

Third Embodiment

In the present embodiment, an example of changing an
inside configuration of the integration valve 14 with respectto
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the first embodiment will be described. A description about a
portion corresponding to or equal to a portion of the first
embodiment is omitted or simplified.

In the first embodiment described above, the integration
valve member 29 is simply configured by a discoid-shaped
member. According to the present embodiment, a diameter of
an outer periphery part of the integration valve member 29 at
least on a side of the separated vapor-phase refrigerant outlet
hole 142d continuously decreases from a side of the separated
liquid-phase refrigerant outlet hole 141c¢ to the side of the
separated vapor-phase refrigerant outlet hole 1424.

Specifically, as shown in FIG. 21, the outer periphery part
of the separated vapor-phase refrigerant outlet hole 1424 of
the integration valve member 29 has a tapered shape. Alter-
natively, an outer periphery part of the integration valve mem-
ber 29 on a side of the separated vapor-phase refrigerant outlet
hole 1424 may have a curve shape.

Accordingly, when refrigerant flows around the integration
valve member 29, the refrigerant flows smoothly from a side
of'the separated vapor-phase refrigerant outlet hole 142dto a
side of the separated liquid-phase refrigerant outlethole 141c,
and the pressure loss AP caused by the integration valve
member 29 can be reduced.

In the present embodiment, although an example, in which
the outer periphery part of the integration valve member 29 on
the side of the separated vapor-phase refrigerant outlet hole
142d has a tapered shape, is described, a shape of the outer
periphery part of the integration valve member 29 is not
limited to the example. For example, as shown in FIG. 22, a
diameter of the outer periphery part of the integration valve
member 29 on the side of the separated liquid-phase refrig-
erant outlet hole 141c is continuously decreased from the side
of the separated vapor-phase refrigerant outlet hole 142d to
the separated liquid-phase refrigerant outlet hole 141c.

Accordingly, refrigerant flowing around the integration
valve member 29 is guided to a center side of the separated
liquid-phase refrigerant outlet hole 141¢ by using the outer
periphery part of the integration valve member 29 on the side
of'the separated liquid-phase refrigerant outlet hole 141¢, and
the pressure loss AP caused by the integration valve member
29 may be decreased.

As shown in FIG. 23, the integration valve member 29 may
have a configuration in which a discoid-shaped portion 294
made of metal is molded with a resin 29e. Accordingly, the
resin 29¢ molded to the discoid-shaped portion 29d can seal
the separated vapor-phase refrigerant outlet hole 1424 and the
separated liquid-phase refrigerant outlet hole 141¢ without a
gap.

Further, the integration valve member 29 of the present
embodiment may be used as an integration valve member 29
in other embodiments except for the first embodiment.

Fourth Embodiment

In the present embodiment, an example, in which an inside
configuration of the integration valve 14 is changed with
respect to the first embodiment, will be described. A descrip-
tion about a portion corresponding to or equal to a portion of
the first embodiment is omitted or simplified.

As shown in a cross-sectional view of FIG. 24, the body
140 of the present embodiment is configured by a lower body
141 and an upper body 142 fixed upward of the lower body
141.

The upper body 142 is made of a generally bottomed-
square-tubular metal block portion, of which axial direction
extends in the top-bottom direction, and the refrigerant inlet
port 141a is provided at an outer wall surface of the upper
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body 142. The vapor-liquid separating space 1415 is provided
in the upper body 142, and the upper body 142 houses the
separated vapor-phase refrigerant outlet pipe 142¢ coaxially
with the vapor-liquid separating space 1415. Further, a com-
munication hole is provided at the separated vapor-phase
refrigerant outlet pipe 142¢ at an upper end side so that the
upper end portion of the separated vapor-phase refrigerant
outlet pipe 142¢ communicates with outside of the body 140.
The vapor-phase refrigerant outlet port 142a is an opening of
the body 140 on a side of the body 140 adjacent to outside.

The lower body 141 is made of a generally-cylindrical
metal block portion having an outside diameter which is
generally equal to an outside diameter of the upper body 142.
When the lower body 141 is fixed to the upper body 142, the
separated liquid-phase refrigerant outlet hole 141c¢ is pro-
vided on an uppermost periphery side of the lower body 141,
opposite to the vapor-liquid separating space 1415. Liquid-
phase refrigerant separated in the vapor-liquid separating
space 14156 flows to a side of the liquid-phase refrigerant
passage 141d via the separated liquid-phase refrigerant outlet
hole 141c. A periphery part of the separated liquid-phase
refrigerant outlet hole 141¢ configures a valve seat part 1411
contacting the integration valve member 29.

The liquid-phase refrigerant passage 1414 is arranged
downward of the vapor-liquid separating space 1415, and
guides liquid-phase refrigerant separated in the vapor-liquid
separating space 1415 to the side of the liquid-phase refrig-
erant outlet port 141e. The liquid-phase refrigerant in the
liquid-phase refrigerant passage 1414 tlows out of the inte-
gration valve 14 through the liquid-phase refrigerant outlet
port 141e.

More specifically, the liquid-phase refrigerant passage
141d extends in a direction perpendicular to the axial direc-
tion of the vapor-liquid separating space 1415 (i.e., a hori-
zontal direction in the present embodiment). The liquid-phase
refrigerant passage 1414 is configured by a communication
hole, through which inside of the lower body 141 and outside
of the lower body 141 communicate with each other. An
opening of the communication hole at an outer side of the
lower body 141 provides the liquid-phase refrigerant outlet
port 141e.

The integration valve member 29 is connected to the mov-
able part of the stepping motor 28 fixed to a lower side of the
lower body 141 by a fastening method such as a bolting via
the shaft 29¢. The shaft 29¢ of the present embodiment is
arranged coaxially with the separated vapor-phase refrigerant
outlet pipe 142¢ and passes through a part of the separated
liquid-phase refrigerant outlet hole 141¢ and a part of the
liquid-phase refrigerant passage 141d.

Other configurations and operations are the same as those
of the first embodiment, and the present embodiment has
additional effects described below with respect to the first
embodiment.

In the present embodiment, the shaft 29¢ connected to the
integration valve member 29 is arranged to pass through a part
of' the separated liquid-phase refrigerant outlet hole 141¢ and
a part of the liquid-phase refrigerant passage 1414 without
passing inside of the separated vapor-phase refrigerant outlet
pipe 142¢. Accordingly, with respect to a case that the shaft
29¢ is disposed inside the separated vapor-phase refrigerant
outlet pipe 142¢, vapor-phase refrigerant passes inside the
separated vapor-phase refrigerant outlet pipe 142¢ with less
pressure loss.

Further, the inside configuration of the integration valve 14
of the present embodiment may be applied to other embodi-
ments except for the first embodiment.
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Fifth Embodiment

In the present embodiment, an example, in which an inside
configuration of the integration valve 14 is changed with
respect to the first embodiment, will be described. A descrip-
tion about a portion corresponding to or equal to a portion of
the first embodiment is omitted or simplified.

As shown in FIG. 25, in the integration valve 14 of the
present embodiment, the lower body 141 and the upper body
142 configure the body 140. The stepping motor 28 is
attached to an upper end part of the upper body 142. The shaft
29c is arranged to pass through inside the separated vapor-
phase refrigerant outlet pipe 142¢.

Liquid-phase refrigerant separated in the vapor-liquid
separating space 1415 stagnates easily by gravity in the stor-
ing space A3 located downward of the vapor-liquid separating
space 1415b. Further, in the storing space A3, liquid-phase
refrigerant stagnates easiest onan inner wall surface, at where
a maximum centrifugal force affects to liquid-phase refriger-
ant.

The fixed throttle 17 of the present embodiment opens at a
radial-outward and lowest part of the storing space A3 in the
lower body 141. Accordingly, vapor-phase refrigerant can be
effectively restricted from flowing into the fixed throttle 17,
and a decompressing characteristic of the fixed throttle 17 can
be stabilized. The inside configuration of the integration valve
14 described in the present embodiment may be used for other
embodiments.

Sixth Embodiment

The first embodiment described above is an example in
which the integration valve member 29 is linearly moved in
the axial direction of the shaft 29¢ (i.e., in the vertical direc-
tion) by driving force of the stepping motor 28 to open or
close the separated liquid-phase refrigerant outlet hole 141c¢
and the separated vapor-phase refrigerant outlet hole 142d. In
the present embodiment, the integration valve member 29 is
linearly moved in a radial direction of the vapor-liquid sepa-
rating space 1415 to open or close the separated liquid-phase
refrigerant outlet hole 141¢ and the separated vapor-phase
refrigerant outlet hole 1424.

As shown in FIGS. 26A and 26B, the integration valve
member 29 of the present embodiment is configured by a
discoid-shaped first valve part 291, a discoid-shaped second
valve part 292, and a connecting part 293 connecting the first
valve part 291 and the second valve part 292 with each other.

By moving the first valve part 291 in the radial direction of
the vapor-liquid separating space 1415, the separated liquid-
phase refrigerant outlet hole 141c¢ is open or closed.

As shown in FIG. 26 A, the second valve part 292 is moved
to open the separated vapor-phase refrigerant outlethole 1424
in conjunction with a displacement of the first valve part 291
closing the separated liquid-phase refrigerant outlet hole
141c. As shown in FIG. 26B, the second valve part 292 is
moved to close the separated vapor-phase refrigerant outlet
hole 1424 in conjunction with a displacement of the first valve
part 291 opening the separated liquid-phase refrigerant outlet
hole 141c.

The integration valve member 29 operated as described
above is connected to a movable part of the stepping motor 28
via a driving mechanism (not shown), and the integration
valve member 29 is movable in the radial direction of the
vapor-liquid separating space 1415 by the driving force of the
stepping motor 28 so that the separated liquid-phase refrig-
erant outlet hole 141¢ and the separated vapor-phase refrig-
erant outlet hole 1424 can be open or closed.



US 9,109,823 B2

39

Other configurations and operations are the same as those
of'the first embodiment, and by using the integration valve 14
of'the present disclosure, the integration valve member 29 can
close one of the vapor-phase refrigerant passage 1425 and the
liquid-phase refrigerant passage 141d when the other one is
open. That is, the integration valve member 29 can selectively
open or close the vapor-phase refrigerant passage 1425 and
the liquid-phase refrigerant passage 141d, and a refrigerant
circuit in the cycle can be switched for a refrigerant circuit
working as a gas injection cycle by just moving the integra-
tion valve member 29 operated by the stepping motor 28.

Similar to the second embodiment, in a case where the
fixed throttle 17 is not used, and where the integration valve
member 29 opens the separated vapor-phase refrigerant outlet
hole 1424, the stepping motor 28 may operate the integration
valve member 29 to slightly open the separated liquid-phase
refrigerant outlet hole 141c¢ so that liquid-phase refrigerant
separated in the vapor-liquid separating space 1415 is decom-
pressed.

Specifically, as shown in FIG. 27A, the stepping motor 28
may operate the first valve part 291 (i) to slightly open the
separated liquid-phase refrigerant outlet hole 141¢ when the
second valve part 292 opens the separated vapor-phase refrig-
erant outlet hole 1424 and (ii) to open the separated liquid-
phase refrigerant outlet hole 141¢ when the second valve part
292 closes the separated vapor-phase refrigerant outlet hole
1424.

Seventh Embodiment

The first embodiment described above is an example in
which the integration valve member 29 is linearly moved in
the axial direction of the shaft 29¢ (i.e., the vertical direction)
by the driving force of the stepping motor 28 so that the
separated liquid-phase refrigerant outlet hole 141¢ and the
separated vapor-phase refrigerant outlet hole 1424 are open
or closed. The present embodiment will describe an example,
in which the integration valve member 29 is rotatably mov-
able so that the separated liquid-phase refrigerant outlet hole
141c¢ and the separated vapor-phase refrigerant outlet hole
142d are open or closed.

In the present embodiment, as shown in FIGS. 28A and
28B, the separated vapor-phase refrigerant outlet hole 1424
opens in the axial direction of the vapor-liquid separating
space 1415. Whereas, the separated liquid-phase refrigerant
outlet hole 141¢ opens to cross with the axial direction of the
vapor-liquid separating space 1415. That is, the separated
vapor-phase refrigerant outlet hole 1424 and the separated
liquid-phase refrigerant outlet hole 141c¢ of the present
embodiment are open so that a flow direction of vapor-phase
refrigerant flowing out of the separated vapor-phase refriger-
ant outlet hole 1424 is different from a flow direction of
liquid-phase refrigerant flowing out of the separated liquid-
phase refrigerant outlet hole 141c.

The integration valve member 29 is made of a sector-
shaped member, and the separated liquid-phase refrigerant
outlet hole 141¢ and the separated vapor-phase refrigerant
outlet hole 1424 are selectively open or closed by an ark-
shaped circumference surface of the sector-shaped member.

Specifically, as shown in FIG. 28A, when the integration
valve member 29 is moved to close the separated liquid-phase
refrigerant outlet hole 141c, the separated vapor-phase refrig-
erant outlet hole 1424 is open. As shown in FIG. 28B, when
the integration valve 29 is moved to open the separated liquid-
phase refrigerant outlet hole 141c, the separated vapor-phase
refrigerant outlet hole 1424 is closed.
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The integration valve member 29 having such a configu-
ration described above is connected to a movable part of the
stepping motor 28 via the shaft 29¢ working as a rotation axis.
By moving the integration valve member 29 rotatably based
on the driving force of the stepping motor 28, the separated
liquid-phase refrigerant outlet hole 141¢ and the separated
vapor-phase refrigerant outlet hole 1424 can be open or
closed.

Other configurations and operations are the same as those
of the first embodiment. Even in the integration valve 14 of
the present embodiment, the integration valve member 29 can
close one of the vapor-phase refrigerant passage 1424 and the
liquid-phase refrigerant passage 1414 when the integration
valve member 29 opens the other one. That is, the integration
valve member 29 can selectively open or close the vapor-
phase refrigerant passage 1425 and the liquid-phase refriger-
ant passage 1414, and a refrigerant circuit in the cycle can be
switched for a refrigerant circuit working as a gas injection
cycle, by just moving the integration valve member 29 oper-
ated by the stepping motor 28.

Similar to the second embodiment, in a case where the
fixed throttle 17 is not used, and where the integration valve
member 29 opens the separated vapor-phase refrigerant outlet
hole 1424, the stepping motor 28 may operate the integration
valve member 29 to slightly open the separated liquid-phase
refrigerant outlet hole 141c¢ so that liquid-phase refrigerant
separated in the vapor-liquid separating space 1415 is decom-
pressed.

Specifically, the stepping motor 28 may operate the inte-
gration valve member 29 (i) to slightly open the separated
liquid-phase refrigerant outlet hole 141¢ when the integration
valve member 29 is moved to open the separated vapor-phase
refrigerant outlet hole 1424, as shown in FIG. 29A, and (ii) to
open the separated liquid-phase refrigerant outlet hole 141c¢
when the integration valve member 29 is moved to close the
separated vapor-phase refrigerant outlet hole 1424, as shown
in FIG. 29B.

Eighth Embodiment

The present embodiment which will be described below is
an example in which the separated liquid-phase refrigerant
outlet hole 141¢ and the separated vapor-phase refrigerant
outlet hole 1424 are open or closed by rotatably moving the
integration valve member 29.

In the present embodiment, as shown in FIGS. 30A and
30B, the separated vapor-phase refrigerant outlet hole 1424
opens in the axial direction of the vapor-liquid separating
space 1415, whereas, the separated liquid-phase refrigerant
outlet hole 141¢ opens to be perpendicular to the axial direc-
tion of the vapor-liquid separating space 1415. That is, the
separated vapor-phase refrigerant outlet hole 1424 and the
separated liquid-phase refrigerant outlet hole 141¢ of the
present embodiment are open so that a flow direction of
vapor-phase refrigerant flowing out of the separated vapor-
phase refrigerant outlet hole 1424 is different from a flow
direction of liquid-phase refrigerant flowing out of the sepa-
rated liquid-phase refrigerant outlet hole 141c.

The integration valve member 29 is made of a flat plate-
shaped member, and a plate surface of the integration valve
member 29 opens or closes the separated liquid-phase refrig-
erant outlet hole 141¢ and the separated vapor-phase refrig-
erant outlet hole 1424, selectively.

Specifically, as shown in FIG. 30A, when the integration
valve member 29 is moved to close the separated liquid-phase
refrigerant outlet hole 141c, the separated vapor-phase refrig-
erant outlet hole 1424 is open. As shown in FIG. 30B, when



US 9,109,823 B2

41

the integration valve member 29 is moved to open the sepa-
rated liquid-phase refrigerant outlet hole 141c, the separated
vapor-phase refrigerant outlet hole 1424 is closed.

The integration valve 29 configured as described above is
connected to a movable part of the stepping motor 28 via the
shaft 29¢ working as a rotation axis, and the separated liquid-
phase refrigerant outlet hole 141¢ and the separated vapor-
phase refrigerant outlet hole 1424 can be open or closed by
moving the integration valve member 29 rotatably based on
the driving force of the stepping motor 28.

Other configurations and operations are the same as those
of'the first embodiment, and in the integration valve 14 of the
present embodiment, the integration valve member 29 can
close one of the vapor-phase refrigerant passage 1425 and the
liquid-phase refrigerant passage 1414 when the integration
valve member 29 open the other one. That is, the integration
valve member 29 can selectively open or close the vapor-
phase refrigerant passage 1425 and the liquid-phase refriger-
ant passage 1414, and a refrigerant circuit in the cycle can be
switched for a refrigerant circuit working as a gas injection
cycle by moving the integration valve member 29 by the
stepping motor 28.

Similar to the second embodiment, in a case where the
fixed throttle 17 is not used, and where the integration valve
member 29 opens the separated vapor-phase refrigerant outlet
hole 1424, the stepping motor 28 may operate the integration
valve member 29 to slightly open the separated liquid-phase
refrigerant outlet hole 141c¢ so that liquid-phase refrigerant
separated in the vapor-liquid separating space 1415 is decom-
pressed.

Specifically, the stepping motor 28 may operate the inte-
gration valve member 29 (i) to slightly open the separated
liquid-phase refrigerant outlet hole 141¢ when the integration
valve member 29 is moved to open the separated vapor-phase
refrigerant outlet hole 1424, as shown in FIG. 31A, and (ii) to
open the separated liquid-phase refrigerant outlet hole 141c¢
when the integration valve member 29 is moved to close the
separated vapor-phase refrigerant outlet hole 1424, as shown
in FIG. 31B.

(Other Modifications)

This disclosure is not limited to above embodiments, and
various changes may be made without departing from the
scope of the present disclosure.

(1) According to the above embodiments, the heat pump
cycle 10 of the present disclosure is used in the vehicle air
conditioner 1 of an electric vehicle. However, the heat pump
cycle 10 may be effective for using in a vehicle, such as a
hybrid vehicle getting a driving force for a vehicle driving
from an engine (i.e., an internal combustion engine) and an
electric motor, in which exhaust heat of the engine is not
enough as a heat source for heating.

Moreover, the heat pump cycle 10 may be used in, for
example, a stationary air conditioner, a container in which air
therein is kept at a cool temperature, a liquid heating device,
or the like. When the heat pump cycle 10 is employed in the
liquid heating device, a liquid-refrigerant heat exchanger may
be used as a using side heat exchanger, and a flow amount
regulating part may be a liquid pump or a flow regulating
valve, which regulates a flow amount of liquid flowing into
the liquid-refrigerant heat exchanger.

Although a refrigerant circuit is switched so that the heat
pump cycle 10 performs various operation modes in the above
embodiments, a heat pump cycle functioning simply as a gas
injection cycle can be configured, for example, when the
integration valve 29 is moved by the stepping motor 28 to
decompress liquid-phase refrigerant.
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(2) Although the stepping motor 28 is used as a drive device
operating the integration valve member 29 in the above
embodiments, the drive device is not limited to the stepping
motor 28. For example, a servo motor may be used as the drive
device operating the integration valve member 29.

(3) Although the body 140 has a generally cylindrical-
shaped exterior, the exterior shape of the body 140 is not
limited to this example and may be a rectangular column
shape. Further, by employing an exterior shape adapted to a
mounting space in an object to be mounted, mountability of
an entire heat pump cycle in the object can be greatly
improved.

(4) Although the vapor-liquid separating space 1415 of the
body 140 is arranged so that the axial direction of the vapor-
liquid separating space 1415 is parallel with the vertical direc-
tion, the axial direction of the vapor-liquid separating space
14154 is unnecessary to be coincide with the vertical direction.
For example, in the heat pump cycle 10 mounted in a vehicle
or the like, the axial direction of the vapor-liquid separating
space 1415 may be misaligned from the vertical direction
when whole of the vehicle leans in a driving time.

Inthis case, based on an assuming result of a mounted state
of'the integration valve 14 assumed from a tilt of whole of the
vehicle or the like, (i) the liquid-phase refrigerant passage
141d and the fixed throttle 17 are arranged downward of the
separated vapor-phase refrigerant outlet hole 1424, and (ii)
the vapor-phase refrigerant passage 1425 is arranged upward
of the separated vapor-phase refrigerant outlet hole 1424.

(5) Although the storing space A3 is provided in the vapor-
liquid separating space 1415 in the above embodiments, a
location of the storing space A3 is not limited to this example.
For example, the inside diameter of the vapor-liquid separat-
ing space 1415 is set to be in a range from one and a halftimes
to three times as large as an inside diameter of the refrigerant
pipe connected with the refrigerant inlet port 141a so that
whole of the integration valve 14 can be downsized.

More specifically, an inner volume of the vapor-liquid
separating space 1415 of this modification may be set to be
smaller than an excess refrigerant volume, which is a refrig-
erant volume after deducting a maximum required refrigerant
volume from a sealed refrigerant volume. The maximum
required refrigerant volume is in a liquid-phase state and is
calculated from a required refrigerant volume required for the
cycle to perform with a maximum capacity in the cycle. The
sealed refrigerant volume is in a liquid-phase state and is
converted from a refrigerant volume sealed in the cycle. In
other words, the inner volume of the vapor-liquid separating
space 1415 of this modification may not store an excess
refrigerant substantially, even when a refrigerant volume cir-
culating in the cycle is varied due to a load change.

(6) In the above embodiments and modifications, at least
drawings referred to describe the integration valve 14 show
specific examples of the integration valve 14, and it should be
noted that configurations of the integration valve 14 is not
limited to the specific examples. Various configurations of the
integration valve 14 shown in those drawings can be com-
bined as far as there is no harm in the combination.

What is claimed is:

1. An integration valve used for a heat pump cycle, which
is capable of working as a gas injection cycle and includes (i)
a compressor, which decompresses refrigerant drawn from a
suction port, discharges high-pressure refrigerant from a dis-
charge port, and has an intermediate-pressure port drawing
intermediate-pressure refrigerant in the cycle and mixing the
intermediate-pressure refrigerant with refrigerant being
decompressed, (ii) a using-side heat exchanger, in which a
heat-exchange fluid exchanges heat with the high-pressure
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refrigerant discharged from the discharge port so as to be
heated, (iii) a high-stage-side decompressor decompressing
high-pressure refrigerant flowing out of the using-side heat
exchanger to be intermediate-pressure refrigerant, and (iv) an
evaporator evaporating low-pressure refrigerant in the cycle,
and causing the evaporated low-pressure refrigerant to flow to
the suction port, the integration valve comprising:
abody having (i) a refrigerant inlet port through which the
intermediate-pressure refrigerant decompressed at the
high-stage-side decompressor flows, (ii) a vapor-liquid
separating space separating refrigerant flowing out of
the refrigerant inlet port into vapor-phase refrigerant and
liquid-phase refrigerant, (iii) a vapor-phase refrigerant
outlet port through which the vapor-phase refrigerant
separated in the vapor-liquid separating space flows to a
side of the intermediate-pressure port, and (iv) a liquid-
phase refrigerant outlet port through which the liquid-
phase refrigerant separated in the vapor-liquid separat-
ing space flows to a side of the evaporator;
an integration valve member disposed in the body, and
opening or closing (i) a liquid-phase refrigerant passage
extending from the vapor-liquid separating space to the
liquid-phase refrigerant outlet port and (ii) a vapor-
phase refrigerant passage extending from the vapor-liq-
uid separating space to the vapor-phase refrigerant outlet
port; and
a drive device connected to the integration valve member
via a drive mechanism and operating the integration
valve member, wherein
the drive device operates and moves the integration valve
member to close the vapor-phase refrigerant passage
when the liquid-phase refrigerant passage is open so that
liquid-phase refrigerant flows toward a side of the liq-
uid-phase refrigerant outlet port; and
the drive device operates and moves the integration valve
member to be displaced so that liquid-phase refrigerant
flowing to the side of the liquid-phase refrigerant outlet
port is decompressed when the vapor-phase refrigerant
passage is open and passes vapor-phase refrigerant so as
to flow to a side of the vapor-phase refrigerant outlet
port.
2. The integration valve according to claim 1, wherein
the body houses a fixed throttle which decompresses the
liquid-phase refrigerant flowing to the side of the liquid-
phase refrigerant outlet port when the vapor-phase
refrigerant passage is open so that vapor-phase refriger-
ant flows toward the side of the vapor-phase refrigerant
outlet port, and
the drive device operates the integration valve member to
close the liquid-phase refrigerant passage when the
vapor-phase refrigerant passage is open so that vapor-
phase refrigerant flows to the side of the vapor-phase
refrigerant outlet port.
3. The integration valve according to claim 2, wherein
the liquid-phase refrigerant passage and the fixed throttle
are located downward of the separated vapor-phase
refrigerant outlet hole through which vapor-phase
refrigerant flows out ofthe vapor-liquid separating space
to a side of the vapor-phase refrigerant passage.
4. The integration valve according to claim 1, wherein
the drive device operates the integration valve member so
that the liquid-phase refrigerant passage is slightly open
to decompress liquid-phase refrigerant flowing to the
side of the liquid-phase refrigerant outlet port, when the
vapor-phase refrigerant passage is open, and when
vapor-phase refrigerant flows to the side of the vapor-
phase refrigerant outlet port.
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5. The integration valve according to claim 1, wherein

the vapor-liquid separating space is defined in a cylindrical
shape,

a separated vapor-phase refrigerant outlet pipe having a
cylindrical shape and providing the vapor-phase refrig-
erant passage therein is arranged inside the vapor-liquid
separating space coaxially with the vapor-liquid sepa-
rating space,

the separated vapor-phase refrigerant outlet pipe is pro-
vided with a separated vapor-phase refrigerant outlet
hole through which vapor-phase refrigerant flows out of
the vapor-liquid separating space to the side of the
vapor-phase refrigerant passage, at an end of the sepa-
rated vapor-phase refrigerant outlet pipe in a longitudi-
nal direction, and

the integration valve member opens or closes a separated
liquid-phase refrigerant outlet hole through which liq-
uid-phase refrigerant flowing from a side of the sepa-
rated vapor-phase refrigerant outlet hole and the vapor-
liquid separating space flows to the side of the liquid-
phase refrigerant passage.

6. The integration valve according to claim 5, wherein the

vapor-liquid separating space comprises:

a swirl space provided between an inner wall surface of the
vapor-liquid separating space and an outer wall surface
of the separated vapor-phase refrigerant outlet pipe,
wherein refrigerant flowing from the refrigerant inlet
port swirls along the inner wall surface of the vapor-
liquid separating space;

a separating space (i) located downward of the swirl space,
(i1) provided between the end of the separated vapor-
phase refrigerant outlet pipe in the longitudinal direction
and the integration valve member, and (iii) separating
refrigerant into vapor-phase and liquid-phase; and

a storing space located downward of the separating space
and storing liquid-phase refrigerant separated from
refrigerant in the separating space, and

the integration valve member is arranged between the sepa-
rated vapor-phase refrigerant outlet hole located in the
separating space and the separated liquid-phase refrig-
erant outlet hole located in the storing space and is made
of a discoid-shaped member which is larger than an
inside diameter of the separated liquid-phase refrigerant
outlet hole.

7. The integration valve according to claim 6, wherein

when (i) an outside diameter of the integration valve mem-
ber is defined as Ds, (ii) an outside diameter of the
separated vapor-phase refrigerant outlet pipe is defined
as Dp, (iil) an inside diameter of the vapor-liquid sepa-
rating space is defined as Dr, and (iv) the inside diameter
of the separated liquid-phase refrigerant outlet hole is
defined as Do, Ds, Dp, Dr, and Do are determined to
satisfy following formulas of Dp=Ds=(Dx+Dr)/2 and
Dx=(Dr*>-Do?)"2,

8. The integration valve according to claim 6, wherein

a diameter of an outer periphery part of the integration
valve member at least on a side of the separated vapor-
phase refrigerant outlet hole continuously decreases
from a side of the separated liquid-phase refrigerant
outlet hole to a side of the separated vapor-phase refrig-
erant outlet hole.

9. The integration valve according to claim 5, wherein

a refrigerant introducing passage, guiding refrigerant to
flow from the refrigerant inlet port to the vapor-liquid
separating space, communicates with the vapor-liquid
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separating space via a refrigerant introducing hole pro-
vided at a radial-outer wall surface of the vapor-liquid
separating space, and

the refrigerant introducing hole is open at a position far
from the end of the separated vapor-phase refrigerant
outlet pipe in the longitudinal direction, and closer to the
other end of the separated vapor-phase refrigerant outlet
pipe in the longitudinal direction.

10. The integration valve according to claim 9, wherein

the refrigerant introducing hole is an oblong hole extend-
ing in an axial direction of the vapor-liquid separating
space.

11. The integration valve according to claim 9, wherein

when (i) a distance in the axial direction from an end of the
refrigerant introducing hole corresponding to the end of
the separated vapor-phase refrigerant outlet pipe in the
longitudinal direction to the other end of the separated
vapor-phase refrigerant outlet pipe in the longitudinal
direction is defined as Lv, and (ii) a dimension of the
refrigerant introducing hole extending in the axial direc-
tion in the vapor-liquid separating space is defined as Dv,
Lvand Dv are determined to satisty a following formula
of Lv=(1/2)xDv.
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12. The integration valve according to claim 5, wherein

the body has a tubular portion in which the liquid-phase
refrigerant passage and the separated liquid-phase
refrigerant outlet hole (141¢) are provided, and

the tubular portion has a heat resistance higher than that of
a portion around the tubular portion.

13. The integration valve according to claim 5, wherein

the separated vapor-phase refrigerant outlet hole and the
separated liquid-phase refrigerant outlet hole are open to
oppose to each other, inside the body, and

the integration valve member moves linearly to open or
close the separated vapor-phase refrigerant outlet hole
and the separated liquid-phase refrigerant outlet hole.

14. The integration valve according to claim 5, wherein

the separated vapor-phase refrigerant outlet hole and the
separated liquid-phase refrigerant outlet hole are open
so that a flow direction of vapor-phase refrigerant flow-
ing out of the separated vapor-phase refrigerant outlet
hole is different from a flow direction of liquid-phase
refrigerant flowing out of the separated liquid-phase
refrigerant outlet hole, and

the integration valve member moves rotatably to open or
close the separated vapor-phase refrigerant outlet hole
and the separated liquid-phase refrigerant outlet hole.
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